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The  Forty-first  Ordinary  General  Meeting  was  held  on  Wednesday, 
the  12th  January,  1876,  Mr.  C.  V.  Walker,  F.R.S., 
President,  in  the  Chair. 

At  the  commencement  of  the  proceedings  the  Chair  was  taken 
by  Mr.  Latimer  Clark,  who  rose  and  said : — 

Gentlemen,  —  I  have  now  the  pleasure  to  resign  my  late 
ftmctions  for  the  past  year,  and  to  vacate  this  Chair  in  favour  of 
Mr.  C.  V.  Walker,  our  new  President. 

The  Chair  having  been  taken  by  the  President — 

Mr.  W.  H.  Preece  said :  It  is  my  pleasure  to-night  to  have  to 
propose  to  the  Society  a  vote  of  thanks  to  our  retiring  President, 
Mr.  Latimer  Clark,  for  the  imiform  attention  he  has  paid  to  his 
duties  during  the  past  year.  I  have  especial  pleasure  in  doing  this, 
because  it  is  now  twenty-five  years  ago  since  I  first  entered  the 
field  of  telegraphy  as  Mr.  Latimer  Clark's  assistant  in  his  oflBce, 
and  many  a  time  and  ofl  I  have  spent  days  and  nights  travelling 
over  lines  in  such  weather  as  this,  *^  sitting  on  rocks  and  musing 
o'er  fiood  and  fell "  with  Mr.  Clark,  watching  for  the  vagaries  of 
electricity  which  then  were  developing  themselves  to  us  for  the  first 
time;  and  never  shall  I  forget  the  pleasure  of  those  days  in  search- 
ing in  a  new  field  for  novel  effects  and  new  ideas  in  company  with 
one  whose  mind  was  so  well  qualified  to  instruct  and  direct  my 
more  youthful  mind.     The  Society  itself  has  no  doubt  gaawe^^i  ^xvot- 
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mous  credit  throughout  the  whole  world  through  having  at  its 
head  a  man  of  such  eminence  as  Mr.  Latimer  Clark,  and  his  wide- 
spread reputation  has  done  much  to  increase  the  populariiy  of  our 
proceedings  and  especially  of  our  journal.  His  connection  with 
telegraphy  can  never  be  forgotten,  for  there  is  scarcely  a  branch  of 
it,  whether  on  land  or  submarine  lines,  which  is  not  in  some  way 
associated  with  the  name  of  Clark,  either  by  the  improvements 
effected  by  his  brother,  or  by  the  greater  improvements  he  has  him- 
self introduced.  Nor  can  we  forget  the  attention  and  constant 
attendance  which  he  has  given  to  our  meetings,  and  the  care  with 
which  he  has  presided  over  our  discussions.  No  one  can  forget  his 
own  admirable  address  upon  the  loss  of  our  greatest  member  during 
the  past  year.  Sir  Charles  Wheatstone.  It  is  one  of  the  few  papers 
which  will  live  for  years  in  our  endearing  recollection.  Again,  we 
cannot  forget  the  hospitaliiy  which  we  have  received  at  his  hands, 
for  certainly  the  soiree  at  Willis's  Rooms  was  one  of  the  most  suc- 
cessful, most  pleasurable,  and  most  delightful  we  have  had.  I  am 
therefore  quite  sure  you  will  all  cordially  agree  with  me  in  convey- 
ing our  thanks  to  Mr.  Latimer  Clark  for  his  great  attention  to  the 
duties  of  his  office  during  the  last  twelvemonths. 

Major  Webber,  R.E. :  Mr.  Preece  has  left  me  very  little  to 
say.  He  has  touched  upon  all  those  points  with  which  you  are  so 
well  acquainted  in  regard  to  Mr.  Clark's  connection,  not  only  with 
this  Society  but  with  the  history  of  telegraphy,  therefore  I  can 
only  follow  him  up  by  seconding  his  proposition,  that  a  vote  of 
thanks  be  earnestly  accorded  to  our  past-President,  not  only  for 
his  assistance  in  the  formation  of  this  Society  in  its  early  days, 
and  his  constant  attendance  at  the  meetings,  but  also  for  the 
hospitaliiy  which  he  showed  on  a  late  occasion  in  entertaining 
the  members  of  the  Society  and  their  friends  and  so  large  a 
number  of  persons  connected  with  the  scientific  world.  I  beg  to 
second  Mr.  Preece's  motion,  and  to  ask  you  to  accord  to  Mr. 
Latimer  Clark  that  which  he  has  so  well  earned. 

The  President:  It  has  been  proposed  by  Mr.  Preece,  and 
seconded  by  Major  Webber,  that  the  best  thanks  of  the  Society 
be  given  to  Mr.  Latimer  Clark  for  his  able  conduct  in  the  chair 
during  the  Session  which  is  now  ended.     Nothing  I  could  say 
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would  add  to  what  you  have  heard,  and  I  am  quite  sure  you  will 
give  your  best  thanks  with  acclamation  to  Mr.  Latimer  Clark. 

The  motion  having  been  passed  by  acclamation, 

Mr.  Latimer  Clark  said :  I  am  much  touched  by  the  manner 
in  which  this  motion  has  been  proposed  by  Mr.  Preece  and  received 
by  the  meeting.  It  comes  with  especial  grace  from  him  for  the 
reasons  he  has  stated.  Throughout  almost  the  whole  of  my 
long  connection  with  telegraphy  I  have  had  the  pleasure  of  know- 
ing Mr.  Preece  intimately,  and  I  can  say  no  more  than  that 
I  feel  deeply  the  way  in  which  he  has  put  and  you  have  received 
the  motion.  I  can  only  add  that  my  connection  with  this  Society 
has  been  to  me  the  highest  source  of  pleasure  and  gratification ;  my 
attendance  here  has  been  always  a  labour  of  love,  and  I  hope  I  may 
long  be  spared  to  render  what  assistance  I  can  in  the  promotion  of 
the  interests  of  the  Society. 

The  President  then  proceeded  to  read  his  inaugural  address. 

Gentlemen, 

Li  accordance  with  custom,  which  in  practice  has  become  law, 
it  is  my  duiy  to  address  you  before  occupying  this  Chair ;  but  I 
have  yet  another  duty  to  perform — one  which  has  a  prior  claim 
upon  me — ^to  thank  you  for  having  placed  me  in  this  high  position. 

It  is  on  record,  and  there  is  much  truth  in  it,  that  some  men  are 
born  to  honom's ;  some  men  achieve  honours,  and  some  men  have 
honours  thrust  upon  them.  The  last  is  my  case.  You  have  raised 
me  to  a  position  to  which  I,  of  all  men,  would  have  been  the  last 
to  aspire,  having  done  so  little,  having  been  unable  to  do  anything 
but  so  very  little,  for  the  Society  of  Telegraph  Engineers  since 
you  honoured  me  with  a  seat  at  the  Council  Board.  You  have 
withdrawn  me  from  comparative  retirement  to  occupy  this  Chair — 
to  preside  over  the  meetings  of  a  body  of  men  among  whom  are 
many  with  far  higher  claims  to  preside  over  me  than  I  over  them. 
And  you  have  raised  as  it  were  an  outsider  to  this  high  position, 
one,  that  is,  whose  lot  was  cast  outside  the  limits  of  the  great  Tele- 
graph Companies,  having  for  many  years  controlled  and  watched 
over  the  interests  of  a  little— -by  comparison — a  little  self-contained 
telegraph  kingdom — namely,  that  on  the  South  Eastern  BiailYf«j^* 
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A  sketch   of  the   telegraph   system  on  this  railway  may  be  a 
useful  contribution  to  the  history  of  telegraphs  in  this  country. 
There  are  some  special  features  about  it  which  may  be  known  to 
many  members  of  this  Society,  but  which  are  not  generally  known. 
This  system  ante-dates  the  formation,  if  not  the  conception  even, 
of  the  *'  Electric  Telegraph  Company."     The  original  agreement 
between  this  Railway  Company  and  Mr.  (now  Sir  William  Fother- 
gill)  Cooke,  is  dated  the  11th  of  September,  1845;  but  construc- 
tion was  begun  some  months  in  anticipation  of  this  date.     The 
terms  of  the  agreement  were,  that  for  the  main  line,  between 
London  and  Dover,  a  four-wire  telegraph  should  be  constructed 
for  £225  per  railway  mile,  inclusive  of  instruments  and  batteries ; 
and  that  for  branch  lines  a  three-wire  telegraph  should  be  erected, 
at  a  cost  of  £175  per  railway  mile,  exclusive  of  instruments  and 
batteries :  the  contractor  at  the  same  time  undertook  to  keep  the 
lines  of  telegraph,  originally  erected  imder  this  agreement,  in  good 
and  efficient  repair  for  one  year  after  the  completion  of  the  first 
half  of  the  main  line.     The  Telegraph  Engineers  of  1876  will  be 
inclined  to  hold  their  breath  at  hearing  of  the  price  paid  in  1845, 
or  thirty-one  years  ago,  and  to  regard  the  telegraph  in  those  days 
as  a  rather  costly  luxury ;  and  so  it  was.     But  if  one  of  the  then 
Railways,  -when  the  iron  road  was  barely  in  its  teens,  and  traffic 
was  comparatively  so  small,  could  boldly  venture  to  make  a  pur- 
chase such  as  I  have  described,  what  excuse  can  any  Railways  of 
to-day  have,  if  they  fail  to  avail  themselves  of  all  the  advantages 
to  be  derived  from  electi'icity  ?  the  more  so,  as  the  benefits  are  in 
these  days  to  be  acquired  at  a  cost — by  comparison — so  moderate  ? 
But  large  though  the  outlay  was,  and  larger  still  as  it  has  become 
with  the  extension  of  the  Railway  and  the  creation  of  new  necessities, 
no  better  investment  could  have  been  made.     Under  the  terms  of 
the  agreement,  the  Telegraphs  erected  became  the  absolute  property 
of  the  Railway  Company,  as  much  so  as  are  the  locomotives,  the 
carriages,  or  the  rails.    And  so  they  remain  to  this  day.     They 
were  erected  essentially  for  railway  purposes,  and  with  no  ulterior 
object  in  view ;  and,  having  been  purchased  at  a  price  that  could 
be  felt,  it  is  no  matter  of  surprise  that  the  Company  were  far  more 
disposed  to  hold  them  against  all  comers  than  to  part  with  them. 
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Hence,  notwithstanding  the  several  overtures  that  were  from  time 
to  time  made,  they  still  remain,  as  I  have  said,  the  absolute 
property  of  the  Railway  Company.  But  the  public  were  not  on  this 
account  excluded  from  them ;  for  in  the  first  instance  they  were 
opened  free  under  special  circumstances,  and  within  certain  limits. 
Shilling  messages  had  been  established  at  an  earlier  date  on  the 
Great  Western  Ba,ilway,  between  Paddington  and  Slough.  How 
soon  after  1846,  June  18,  the  date  of  the  Act,  the  Electric 
Telegraph  Company  opened  to  the  public,  I  cannot  remember,  but 
on  August  15,  1846,  the  following  circular,  bearing  my  signature, 
was  issued  by  authority  on  the  South  Eastern  Railway  : — 

^^  I  find  that  many  private  messages  are  received  for  gentlemen 
to  send  to  different  parts,  either  for  letters,  small  parcels,  or  things 
of  that  sort.  I  beg  to  say  that  the  Directors  do  not  allow  this  use  to 
be  made  of  the  telegraph,  and  that  it  is  to  be  used  entirely  for  the 
Company's  service,  except  in  extreme  cases,  where  kindness  or 
humanity  would  dictate,  such  as  illness,  death,  &c.,  and  for  the 
public  press  at  Folkestone,  and  then  only  to  a  limited  extent." 

These  privileges,  however,  lasted  for  a  few  days  only ;  for  on 
the  first  day  of  the  following  month  rates  were  issued.  The  scale 
was  based  upon  three-halfpence  per  mile  for  twenty  words,  the 
minimum  being  five  shillings.  The  rate  from  London  to  Dover 
was  11*.,  to  Ramsgate  125.  6rf. 

I  well  remember  a  remark  that  was  made  at  this  time,  and  it 
came  from  no  mean  authority,  that  it  would  not  do  to  make  the 
telegraph  rates  too  low  for  fear  of  reducing  the  traffic  receipts  on 
the  railway,  by  inducing  passengers  to  use  the  wire  instead  of  the 
train ;  and  hence  a  Parliamentary  fare  and  a  half,  or  three  half- 
pence^per  mile,  was  adopted.  From  that  date  until  February  5, 
1870,  when  the  goodwill  was  transferred  to  the  Post  Office,  these 
railway  telegraphs  were  open  to  the  public  as  feeders  and  distri- 
butors for  the  Telegraph  Companies  proper.  And  now,  as  agents 
for  the  Post  Office,  the  Railway  Company  keep  offices  open,  and 
deal  with  messages  on  commission. 

Many  postal  telegraph  offices  having  been  established  in  parts 
of  Berkshire,  Kent,  Surrey,  and  Sussex,  served  by  this  line,  and 
to  the  relief  of  the  railway  wires,  and  as  the  Poat  Offiie^  ^^^x^  m 
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urgent  want  of  wires,  the  Company  were  able  to  spare  and  (as  the 
property  was  their  own,  it  was  in  their  power)  to  sell  them  some 
three  or  four  hundred  miles. 

Meanwhile,  the  service  of  the  Railway  and  the  comfort  and 
safety  of  the  travelling  public  were  the  prime  objects  of  considera- 
tion, and  were  always  kept  prominently  in  view.  "  Onward"  is  the 
motto  of  this  Company ;  and  true  to  their  motto  have  they  proved 
themselves.  This  was  the  more  easy  from  their  being  unfettered 
from  without.  They  were  able  to  turn  their  freedom  to  good 
account.  What  time  a  new  want  arose,  they  could  meet  it  from 
their  own  resources.  In  no  matter  have  they  taken  a  more  pro- 
minent position,  and  one  more  in  advance  of  many  or  most  railways, 
than  in  "train-signalling."  They  began  this  very  early,  long 
before  instruments  specially  adapted  to  the  work  were  constructed. 
The  speaking  instruments,  double  or  single  needle,  were  used,  and 
almost  without  exception  were  the  same  that  were  also  employed 
for  service  and  for  public  messages.  Even  in  those  days,  when 
trains  were  so  few,  this  was  a  case  of  working  under  difficulties. 
The  original  circular  of  instructions,  dealing  with  the  telegraphs 
generally,  and  train-signalling  especially,  that  bears  my  signature, 
was  issued  in  1846,  February  16.  It  ordered  that  "  The  arrival 
and  departure  of  every  train  is  to  be  telegraphed  to  the  next  up 
and  the  next  down  stations ;  "  or  in  other  words,  that  the  speaking 
instruments  (which  for  message  purposes  are  in  groups)  were  to  be 
used  for  ordinary  train-signalling,  which  work,  as  I  need  hardly 
say,  was  done  but  indifferently,  even  when  trains  were  as  at  that 
time  few  and  far  between.  But  in  course  of  time,  as  traffic 
increased,  the  cry  was  for  more  electricity,  and  yet  more  ;  and  the 
important  step  was  taKen  in  January  1852  of  erecting  a  separate 
wire  and  constructing  a  new  class  of  instruments  specially  adapted 
for  "  train-signalling  "  alone,  and  available  for  nothing  else. 

There  were  so  many  trains  to  talk  about,  and  so  much  to  say 
about  each,  and  to  say  it  on  the  instant,  that  there  was  neither 
time  to  spell  words  nor  to  read  them  if  sent,  even  had  there  been 
hands  at  liberty  to  send,  and  eyes  to  see  and  read,  which  there 
were  not. 

The  ear  alone  was   at  liberty,  and  the  new  instruments  new 
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xivided  spoke  to  t]ie  ear,  and  said  all  that  had  to  be  said  by  a  few 
nimple  sounds  on  single-stroke  bells.     This  was  followod  by  the 
P  issue,  on  March  the  1st,  1852,  of  books  in  which  were  registered 
lis  made  and  the  time  of  making  them,  not  only  as  a  per- 
manent record  for  future  reference,  but  as  an  aide-memoire  to  the 
L  signalmen  themselves. 

In  due  course  these  somid-signals  on  their  way  from  station  to 
bation  were  made  to  enter  every  gatfi-house  at  level -crossings,  for 
the  information  of  the  gatekeeper ;  and  were  also  led  onward  to 
the  platforms,  so  that  the  station  staff  might  know  where  the  trains 
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On  January  30,  1860,  just  fifteen  years  ago,  and  before  the  mi- 

ippy  expression  "block  system"  was  well  known,  the  special 
wire  was  completed  aiid  the  new  instruments  connected  up  tlirough- 
out  the  whole  of  this  Railway,  and  every  inch  of  tlie  line  has 
been  worked  from  this  date  on  the  "  block  syatem  "  proper. 

While  this  was  in  progress,  roads  as  well  as  trains  were  in- 
creasing in  number,  and  each  road  required  its  wire  and  pair  of 
instruments.  Reference  to  the  register  book  as  an  aide-memoire 
Incoming  more  or  less  impracticable,  an  addition  was  made  to  the 

lund-instruments,  of  such  a  character  that,  whilo  tbey  still  ad- 
dressed tlie  ear,  and  the  message  was  on  its  way  to  the  ear,  it  left 
its  mark  visible  on  the  fiiee  of  the  instiimieut,  wliich  mai'k  was 
retained  there  until  the  cause  for  its  exhibition  had  passed  away, 
showing  at  a  glanco  at  any  moment  the  then  condition  of  every 
road.    More  recently  the  varicly  of  trains  on  the  same  road  has  so 

icreased  that  the  bells  have  been  supplemented  by  another  instru- 

lent  that  points  to  the  name  itself  of  the  train  that  is  coming ; 

id  so  on.  On  the  first  of  tho  present  month,  865  instrumente, 
including  repeaters,  were  in  use  for  the  "block  system"  on  328 
miles  of  this  Railway. 

I  should  add  that  the  Railway  Company  established  a  telegraph 
of  their  own  from  tlie  very  first,  and  themselves  carried  out 

instruction  and  maintenance ;  always  moving  "  onward."    If  not 
at  all  points,  they  seem  to  have  been  in  many ;  at  least 

tey  were  no  laggai'ils.     At  any  "rate  they  began  cai'ly  to  prove 
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that  a  Railway  Company,  in  ite  own  internal  strength,  could  with 
credit  maintain  its  position  as  its  own  Director  and  Manager  of 
Telegraphs. 

They  have  also  done  much  work  beyond  their  own  wants,  and 
also  outside  their  own  gates,  having  erected  and  maintained  tele- 
graph lines  on  their  own  property  for  the  Electric  and  for  the 
Magnetic  Telegraph  Companies  and  for  the  Post  Office,  as  well  as 
lines  for  the  Post  Office  on  the  public  roads,  and  postal  telegraph- 
offices  in  towns  and  villages.  Some  ten  years  ago  they  introduced 
electricity  into  their  trains,  and  have  akeady  fitted  up  about  1,500 
vehicles,  and  are  still  going  "  onward  "  in  this  work. 

More  than  twenty-three  years  ago,  in  co-operation  with  the  Astro- 
nomer Royal,  they  were  the  first  to  inaugurate  the  distribution  of 
time  by  telegraph. 

More  than  eighteen  years  have  passed  since  they  went  outside 
their  own  gates  with  clocks  and  watches  for  repairs.  They  have  in 
all  about  800.  Their  own  people,  the  telegraph  staff,  clean  and 
repair  them ;  besides  having  made  some  fifty  of  the  clocks.  Are 
they  alone,  or  almost  alone,  in  this  ?  The  author  of  "  Self-help,"  Mr. 
Samuel  Smiles,  was  for  some  years  Secretary  to  the  Company.  I 
think  he  would  agree  with  me  that  the  principle  of  self-help,  which 
he  so  strongly  advocates,  has  not  been  badly  carried  out,  at  least  in 
telegraphy,  on  the  railway  to  which  he  was  attached. 

The  substance  of  much  that  I  have  been  saying  is  that  railways 
owe  a  deep  debt  of  gratitude  to  electric  telegraphs.  But  the  debt 
is  not  all  on  one  side.  The  following  remarks  on  both  sides  of  the 
question  were  written  in  March  1850  :— 

"  The  electric  telegraph  is  greatly  indebted  to  railways  if  not 
for  its  existence  at  least  for  the  friendly  hand  they  have  held  out 
to  it,  and  for  the  protecting  care  with  which  they  have  guarded  it ; 
indeed  the  invention  would  long  have  remained  immatured  and 
void  of  practical  existence  had  not  the  railway  prepared  for  it  a 
pathway  from  place  to  place,  along  which  its  capabilities  could 
be  tested.  Nor  has  the  child  been  ungrateful  to  its  foster-father ; 
it  has  made  a  tenfold  return  for  all  the  protection  that  has  been 
extended  to  it.     The  quiet  poles  and  silent  wires,  the  zinc  and  the 
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And  H.  R.  H.  iJSBmBBfLi  Prince  Albert 

g^LWAeiiis  MB  iiigAi£eJiEir@ 

ELECTRIC  TELEGRAPH, 

GT.  W  ESTERN  RAILWAY. 

The  Public  are  respectfully  informed  that  this 
intereBting  &  most  extraordinary  Apparatus, 
by  which  upwards  of  50  SIGNALS  can  b* 
transmitted  to  a  Distance  of  280,000  MILES 
in  ONE  MINUTE, 

Hij  ba  M«n  in  operstion,  dulj,  (Sundfljn  eicepled,)  from  9  rill  8,  «t  tb 

Veleffrsph  Offlee,  Padding^oB, 

MB   TBfcBaBAPH    QOTTAQS,  Sl^OUew, 

ADMISSION  U. 

"  Thit  ExhAUim  li  vtB  mrAy  a  euU  fiom  aU  uAo  hvt  to  stt  lit  womlen 


DeipUcliea  inBtanUneoailj  lent  to  and  fro  with  the  nuwt  cooBding 
Mdvcj.  Port  Homes  tad  Caarejuicea  of  ereij  deicriptioh  ma;  be 
ordefed  by  tlie  EbicfBio  Tmlsqbapb,  to  be  in  readiasai  on  the  aniial 
of  ■  Ti^n.  at  elthei  PaddiogtoD  or  Slough  Station. 

The  Tenm  fat  tending  a  Dnpatcb,  ordering  Pott  Honea, 

&0.,  only  One  ShilUog. 

N.B.    HcMengera  in  conitant  attendance,  so  that  commaniearioBt 

reeciTed  b;  Tel^reph,  vauld  be  fbrwoided,  if  required,  to  an;  pan  of 

London,  Windsor,  Eton,  &c 

THOMAS  HOME,  Licemee. 
G.  NORTON,  Printer,  M,  Chnrch  Street,  Portnun  Market. 
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IH6TANTA.NEOU3  COMMUNICATION. 


Under  the  special  ftlronage  of  Her  Majesty  &  H.R.H.  Prince  Albert. 

TELEGRAPHS, 

GT.  WESTERN  ItAILWAY. 

Hay  be  Men  in  coDsUnt  nptratiun,  ddlj,  (SundiTJ  eicepted)  from  9  (ill  3,  at  thi 

TELEGRAPH  OFFICE,  LONDON  TERMINUS,  PADCINCTON 
AND  TELEGRAPH  COTTAGE,  SLOUCH  STATION. 

An  Eihibilion  admitUd  b;  iU  numerDUa  Visitors  to  be  (be  nioit  intemtin^ 
ud  AmtAOTiTB  of  anj  in  this  greit  HeCropolit.  In  the  UfI  of  vt^iton  ure  Ibe 
illiutriaiu  aunei  of  uveral  uf  the  Clowned  Heads  of  Europe,  mod  oevtj  the 
irbnle  of  tbe  Nobilitj  of  tngUad. 
"ThU  Ezluiilinn,  which  Kiu  lo  much  exeil€it  PiMic  attention  of  lale,  is  null 
uarlhy  a  vatl/trm  allicho  lof  taimthi  maudirief  icitnc^"- — MoRinNG  PoiT. 
The  Electric  Telegraph  U  anKmilcd  in  the  oature  and  exfecl  of  ili  coin- 
municatiom  1  bjr  iti  eilTBOrdinu;  agency  a  person  in  LonAoa  could  cod veric  with 
aootlier  at  NewVoitt,  or  at  an;  other  place  howerer  distant,  aieuilyand  nearlja* 
npidlf  Bi  if  both  parUei  woe  in  tbe  same  room,  ^ueitions  proposed  by  Viiilont 
wHl  bcuked  bj  means  of  tbii  Apparatus,  and  ansv era  thereto  wilt  instaiitaoeotuly 
be  returned  bj  a  penoo  20  Miles  off,  who  will  aha,  at  their  request,  ring  a  baH 
or  Grc  a  cannon,  in  an  incredibly  short  apace  of  time,  after  the  ligaal  for  hit 
dung  lo  hn  been  gi'Cn. 

The  Electric  Fluid  travels  at  the 
rate  of  280,000  Miles  per  Second. 

By  its  powerful  agency  Murdereia  have  been  appr^lienilpcl,  (aa  in  the  late  cate 
of  Tawell,) — Thieves  delected ;  and  lastly,  which  is  of  no  liltle  importiince,  tha 
timely  aasiitance  of  Mei^cal  aid  baa  been  procured  in  coses  which  otherwise  would 
hsTG  proved  fiiMl. 

The  great  national  importance  of  this  wondeiful  invention  is  so  well  known 
that  any  further  alhiuon  hera  to  its  merits  would  be  superfiuoui. 
N.B.     Despatches  gent  to  and  fro  with  tbe  most  canfi^Dg  secrecy.      Messengers 
in  eonstant  atlendaaee,  ta  that  communications  reeelTed  by  Telegraph,  wovld 
be  forwalded,  if  required,  to  any  part  of  London,  Windsor,  Etan,  Slc. 

ADMISSION  ONE  SHILLING. 

T.  HOHI,  iWetfun. 
irarton,  Frlnttr.  «,  Ch-irA  St.  PartBM  Uarht. 
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vitriol,  the  brass,  the  ivory,  the  earthenware,  and  the  gutta-percha, 
are  far  more  concerned  in  the  working  of  a  railway  than  the  pro- 
prietors may  suppose."* 

The  ten-fold  return  of  those  days  may  well  read  a  hundred-fold 
to-day :  that  is,  after  the  lapse  of  a  quarter  of  a  century.  The 
telegraph  expenses  on  a  railway  form  but  a  small  item  of  the 
general  expenses,  while  an  efficient  telegraph  system  contributes 
largely,  much  more  largely  than  is  universally  acknowledged,  to  the 
great  success  of  railway  enterprise. 

I  have  mentioned  the  protecting  care  with  which  railways  had 
guarded  lines  of  telegraph.  One's  ideas  naturally  go  back  to 
Paddington  and  Slough  on  the  Great  Western  Railway.  Within 
the  fences  and  under  the  protecting  care  of  that  railway  the  then 
young  and  feeble  fledgeling — shall  I  say — was  safely  housed,  and 
had  the  grand  opportunity  of  proving  its  capabilities  to  the  world 
at  large,  when  it  received  and  sent  that  well-known  message  in 
which  was  the  word  beginning  with  a  letter  not  provided  for  in 
the  code.  This  little  line  of  telegraph  was  then  one  of  the  sights 
of  London.  Well  do  I  remember  in  1845  paying  my  shilling  to 
see  it.  It  was  made  known  by  handbills  to  passers-by.  Here  are 
two  of  them  cut  from  my  ^^  Scrap-book,"  from  which  I  will  read. 

[Fac-similes  of  these,  prepared  by  the  photo-lithographic  process, 
are  here  inserted.] 

Railways  thus  early  and  long  afterwards  were  accepted  as  the 

natural  place  for  telegraph  lines.  Exposure  in  the  open  country  or  on 

public  roads  was  not  thought  of.     Mr.  Wm.  Hatcher,  the  engineer 

under  Mr.  Cooke,  who  erected  the  London-Dover  telegraphs,  wrote 

on  August  1st,  1847  :  "  Localities  where  the  suspension  of  wires  is 

impracticable,  as  in  streets,  towns,  public  roads."  f     The  British 

Telegraph  Company  were  the  first  to  prove  on  a  large  scale  the 

feUacy  of  this.      Contrast  this  fear  of  1847  with  the  confidence, 

the  result  of  experience,  expressed  in  the  following  remarks  made 

to  Mr.  Scudamore  in  1868  :     ^'  I  am  of  opinion  that  the  public 

roads  may  be  more  largely  pressed  into  the  service  of  the  telegraph 

than  has  heretofore  been  the  case.  .  .  .  Nothing  can  be  better  for  a 

*  Walker's  Electric  Telegraph  Manipulation,  p.  83,  §  111. 
t  Engineer  and  Contractor's  Pocket  Book  for  1847 -S,  p.  SftO. 
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line  of  telegraph  solidly  erected  than  a  good  straight  country  road 
tolerably  free  from  trees.  .  .  .  The  wires  in  the  open  are  not  exposed 
to  pernicious  vapours  and  will  have  a  very  long  life,  and  in  passing 
villages  they  are  not  exposed  to  such  destructive  agencies  as  when 
near  passing  trains  or  railway  works ;  nor  do  I  think  they  are 
more  Uable  to  interruptions."  *    And  so  on. 

The  open  coimtry  was  considered  equally  unsafe  with  public 
roads,  &c.,  and  no  one  ventured,  as  now,  to  carry  railway  wires 
over,  in  place  of  through,  tunnels.  Open  wires  were  hung  in  the 
tunnels,  with  what  eflfect  on  the  signals  you  may  well  imagine.  In 
the  year  of  Kevolutions,  1848,  the  telegraph  signals,  that  conveyed 
the  exciting  continental  news  from  the  coast  to  London  Bridge 
Station,  were  so  weak  that  none  but  a  very  practised  eye  could 
see  the  slightest  sign  of  motion  in  the  long  needles  then  in  use, 
which  led  the  then  Chairman  to  ask  the  clerk  whether  he  was 
actually  reading  off  the  words  he  was  dictating  to  the  writer. 

At  this  time,  when  so  much  wanted,  gutta-percha  began  to  be 
known.  The  first  wires  to  which  it  was  applied  here  were  No.  8 
galvanised  open  wires,  on  the  Dover  viaduct,  in  November  1848. 
Beginning  with  December  1848,  and  ending  with  July  31,  1849, 
wires  insulated  with  gutta-percha  were  suspended  in  all  tunnels 
between  London  and  Dover.  Meanwhile  the  Company  had  made 
another  movement  in  the  "  onward  "  direction.  Two  miles  of  the 
above  wire  were  joined  up,  wound  on  a  drum,  and  taken  to  Folke- 
stone, and  connected  up  with  an  open  wire,  that  was  led  into  a  single- 
needle  instrument  at  London  Bridge  Station.  The  drum  was  put  into 
a  small  boat  and  rowed  out  to  sea,  the  wire  being  at  the  same  time 
paid  out.  The  end  was  taken  to  one  of  the  Company's  steamships, 
on  board  of  which  a  large  party  of  visitors  was  assembled,  and  there 
connected  up  with  a  single-needle  on  the  London  wire.  At  12*4  9 
p.m.,  January  10,  1849,  the  following  message  was  sent  direct  to 
London  through  the  two  miles  of  submarine  and  83  miles  of  land 
line : — Mr.  Walker  to  Chairman, — "  I  am  on  board  the  Princess 
Clementine,  I  am  successftd."f  Was  this  the  first  submarine 
message,  or  the  first  sent  direct  to  London  ? 

*  Charles  V.  Walker,  Dec.  29, 1868,  in  reply  to  Mr.  Scudainore,  Sept.  23, 1868. 
t  Walker's  Electric  Telegraph  Manipulation,  p.  104,  §  103, 
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Boforo  leaving  the  South-Eastem  Bailway  I  must  say  one  word 
on  the  quality  of  the  material  and  the  high  character  of  the  work 
handed  over  by  Mr.  Cooke.  It  was  simply  beyond  praise.  Tlie  wire 
was  beat  charcoal,  galvanised  in  the  best  way.  It  is  no  matter  of 
surprise  that  moat  of  this  in  the  open  country  remains  in  situ  to  this 
day,  and  we  have  no  better  wire  to  handle.  It  is  a  matter,  too,  of 
agreeable  surprise  that  many  of  the  poles  of  1845  are  stUI  gtandiug. 
I  have  lying  before  ray  office  window  a  pole  marked  "original;"  it 
is  really  as  sound,  so  to  speak,  aa  ever.  It  is  one  of  a  few  taken 
down  for  alterations  some  months  since.  Tlio  poles  were  of 
seasoned  foreign  timber,  tapered,  chamfered,  Bumettized,  and 
painted.  Some  of  the  original  D.  N.  pillar  instruments  are  still 
in  use,  while  many  of  later  dates  from  other  sources  are  worn 
out. 

As  Mr.  Hatcher  was  on  the  eve  of  completing  his  work,  Mr. 
Cooke  introduced  me  to  the  office  I  still  hold,  namely,  in  October 
1845,  just  thirty  and  a  quarter  years  ago.  Looking  back  to  this 
distant  date,  I  cannot  help  thinking  that  I  must  be  the  oldest 
Telegraph  Engineer  in  England, — at  least  the  one  longest  in  tenure 
of  the  self-same  office, — the  one  who  has  had  sole  charge  as  Besi- 
dent  Engineer  of  the  same  working  system  of  Electric  Tele- 
graphs for  the  longest  term  of  years.  I  may  well  believe  that  to 
I  my  having  taken  office  thus  early,  and  having  held  this  self-same 
office  so  long  and  so  tenaciously,  is  due,  more  than  to  any  personal 
fitness  on  my  part,  the  honour  you  have  conferi-ed  upon  me. 

With  the  names  of  Siemens,  Scudamore,  Thomson,  and  Latimer 

[.Clark*  haunting  me,   I  take  this  Chair  with  feelings  of  anxiety. 

)  deep  science  on  the  one  hand,  and  flie  administrative  capacity  - 

1  the  other,  which  the  sound  of  these  names  evokes,  convinces  me 

9iat  I  shall  have  to  claim,  and  I  am  sure  shall  receive,  your  for- 

warance  and  indulgence  for  any  laches  on  my  part. 

Tills  Society  by  its  very  title  is  purely  technical,  professional, 
utilitarian ;  and  I  agree  with  your  late  President  in  regretting  "that 
we  have  not  yet  enrolled  in  our  ranks,  to  any  great  extent,  that 
large  body  of  private  scientific  workers  who  love  and  pursue  the 
science  of  electricity  without  any  tliought  of  regarding  it  as  a  pro- 
He  gave  you  the  name  of  a  Society  that  did  this,  and 
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in  doing  so  took  you  back  to  dates  earlier  than  those  that  I  have  been 
bringing  before  you.  I  shall  have  to  take  you  to  still  earlier  dates,  to 
days  when  the  utilitarian  could  raise  the  question — and  it  was  more 
than  once  put  to  myself — What  is  the  use  of  electricity  ?  What 
do  you  expect  to  gain  by  it  ?  Does  it  pay  ?  There  were  no  elec- 
tric telegraphs  then ;  no  electrotype  for  instance ;  no  plating  and 
gilding  by  electricity. 

The  "  London  Electrical  Society "  was  founded  on  May  16, 
1837.  It  had  a  short  life  of  six  years,  when  it  succumbed,  as 
we  shall  see,  to  chronic  atrophy.  Its  "  lines  "  may  not  have  been 
happily  "  laid,"  or  it  was  premature,  or  the  hands  by  which  it  was 
guided  were  not  many  enough  or  strong  enough.  K  it  may  have 
been  formed  too  soon,  it  certainly  collapsed  too  soon — just  at  the 
time  in  fact  when  the  power  of  electricity  was  making  itself  felt,  in 
the  practical  realization  of  Cooke  and  Wheatstone's  telegraphs. 
Had  it  held  its  ground  only  a  little  longer,  it  might  have  survived 
to  this  day,  and  have  become  a  Chartered  Society  (as  I  trust  ours 
will  become)  of  which  all  of  us  might  now  be  Fellows ;  electricity 
proper  and  electricity  applied  being  cultivated  by  one  and  the  same 
body  corporate. 

In  the  first  Annual  Address,  delivered  at  a  General  Meeting 
held  in  the  Theatre  of  the  Gallery  of  Practical  Science,  Adelaide 
Street,  Strand,  on  Saturday,  October  7,  1837,  I  read :  "  In  the 
spring  of  the  present  year  I  delivered  a  course  of  lectures  on 
^Electro-Magnetism  and  Magnetic  Electriciiy,'  at  Mr.  Clarke's, 
philosophical  instrument  maker,  Lowther  Arcade.  At  the  close  of 
each  evening's  lecture  a  conversation  generally  ensued  among  the 
gentlemen  who  honoured  me  with  their  attendance ;  and  the  want 
of  a  Society  for  the  encouragement  of  electrical  pursuits  was  occa- 
sionally spoken  of  and  universally  acknowledged.  On  the  16th  of 
May  a  few  of  those  gentlemen  met,  and,  after  some  discussion  as 
to  the  best  mode  of  establishing  such  a  Society,  it  was  agreed  that 
the  attempt  should  be  made.  The  first  of  our  meetings  took  place 
on  the  10th  of  June,  and  they  were  continued  each  succeeding 
Saturday  until  the  12th  of  August,  the  number  of  members  gra- 
dually increasing  the  whole  of  the  time.  On  each  evening  one  or 
more  papers  were  read,  and  several  animated  discussions  took 
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place,  visitors  being  allowed  by  the  Rules  of  the  Society  to  take  a 
part." 

These  remai:ks  were  made  by  Mr,  William  Stm'geon,  who  had 
taken  the  chair  at  the  May  meeting  referred  to.  He  had  been  a 
non-commissioned  oflScer  in  the  Royal  Artillery,  and  at  the  time 
of  which  we  are  speaking  was  "  Lecturer  on  Experimental  Philo- 
sophy at  the  Honourable  East  India  Company's  Military  Seminary, 
Addiscombe,  &c.,  &c."  He  does  not  tell  us  what  he  himself  had 
been  doing  in  the  interests  of  Electricity,  apart  from  his  duties 
of  oflSce.  He  had  established  the  Annah  of  Electricity^  &c.,  the 
first  number  of  which  was  published  in  October  1836.  It  was  a 
half-crown  octavo  magazine.  In  the  first  instance  it  appeared 
quarterly,  then  the  May  number  is  followed  by  one  in  July,  then 
a  leap  to  October,  and  then  monthly,  and  then  otherwise.  The 
publication  ceased  with  No.  60,  vol.  x.,  in  June  1843.  It  was 
followed  by  the  Annals  of  Philosophical  Discovery  and  Monthly 
Reporter  of  the  Progress  of  Practical  SdencCy  of  which  only  five 
numbers  appeared,  the  first  in  July,  the  last  in  November,  1843. 

In  the  Royal  Society^s  Catalogue  of  Scientific  Papers  (1800 — 
1863)  Mr.  Sturgeon  appears  as  the  author  of  sixty-nine  papers — 
his  first  in  Tilloch's  Philosophical  Magazine ^  in  1824,  on  "  Electro- 
Magnetical  Experiments ; "  his  last  in  the  Manchester  Philosophical 
Society^ s  Memoirs^  in  1857,  on  "  Some  Peculiarities  of  the  Thunder- 
storm which  occurred  near  Prestwich,  16th  July,  1856." 

In  Sturgeon's  Annals  alone  will  be  found  a  record  of  the  com- 
munications made  to  the  London  Electrical  Society  firom  the  first 
ordinary  meeting  on  June  10  to  the  meeting  on  October  7,  1837. 
They  contain  also  full  reports  of  the  meetings ;  and  the  Papers  read 
are  printed  in  abstract  or  in  extenso.  Your  President  joined  the 
Society  on  April  7,  1838 ;  and  on  June  2  tried  his  'prentice  hand 
as  a  member  on  rather  a  knotty  subject,  "  On  the  Effects  of  the 
Iron  used  in  constructing  Ships  (especially  that  in  Iron  Steam 
Vessels)  upon  the  Mariner's  Compass,"  printed  in  extenso  in  the 
Annals^  vol.  iii.  p.  1. 

The  General  Steam  Navigation  Company  had  just  then  added  to 
their  fieet  the  iron  steamship  "  Rainbow,"  which,  I  believe,  is  still 
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running ;  and  my  attention  had  been  called  to  the  very  bad  be- 
haviour of  the  compasses  in  its  voyage  from  Liverpool  to  London. 

The  founders  of  the  Society,  those  present  that  is  at  the  first 
meeting,  were:  Wm.  Sturgeon,  in  the  chair,  J.  P.  Grassiot, 
J.  E.  Johnson,  W.  Leithead,  and  W.  B.  Lynn,  five  in  all.  "  The 
Electrical  Society  of  London  "  was  the  title  first  announced,  which 
subsequently  became  "  The  London  Electrical  Socieiy."  Mr. 
Gassiot  was  appointed  treasurer  and  Mr.  Patrick  secretary. 

At  the  next  meeting  there  were  a  couple  of  visitors,  both  of 
whom  in  due  course  became  members,  and  one  of  whom,  Mr. 
Pollock,  was  the  author  of  the  first  paper  read  at  the  first  ordinary 
meeting,  June  10,  1837,  "  On  the  same  cause  under  difi*erent 
circumstances  producing  the  varied  phenomena  of  the  different 
Sciences  of  Electricity,  Galvanism,  and  Magnetism."  Of  this 
paper  no  record  remains  ;  but  the  author  wrote  subsequent  papers, 
in  which  he  worked  out  his  idea  of  a  ^*  Universal  Principle."  The 
first  paper  printed  by  the  Electrical  Socieiy  was  also  by  him, 
entitled,  "  The  action  of  the  Voltaic  Battery  shown  to  be  two-fold, 
and  the  distinction  between  the  terms  Quantity  and  Intensity 
determined  by  the  Theory  of  Vibration ;  with  a  reply  to  the  various 
objections  made  to  the  Theory." 

This  is  a  rather  tempting  and  captivating  subject  to  the  members 
of  this  Society ;  but  I  fear  it  would  hardly  hold  its  own  in  these 
days  of  Volts,  Micro-farads,  Wheatstone's  Bridge,  Ohms,  and 
Potential. 

Before  parting  with  Mr.  Pollock,  who  was  a  well-known  chemist 
of  Fenchurch  Street,  I  may  mention  as  a  curious  fact,  and  as  a 
singular  mark  of  distinction,  that  he  was  never  absent  from  a 
single  Committee  or  Ordinary  meeting  from  the  time  he  first  made 
his  bow  on  May  20,  1837,  until  he  signed  his  name  as  Chairman 
at  the  final  meeting  of  the  Committee  for  winding-up  on  October  28th, 
1845. 

The  last  ordinary  meeting  of  the  Society  was  held  on  March  21, 
1843,  and  the  last  paper  read  was  "  On  the  action  of  Trees  in 
condensing  Atmospheric  Vapour,"  by  Charles  V.  Walker,  hon. 
sec.     The  honorary  secretaries    in    oi'der  were — Thos.   Patrick, 
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Vin.  Leittead,  Job.  Jeffrey,  and  E.  W,  Brayley.   The  mean  tenure 
e  with  each  was  about  six  months.     I  followed  Mr,  Brayley, 
md  remained  in  office  until  the  Society  was  dissolved. 

The  ordinary  meetings  were  held  at  first  weekly,  tlien  fortnightly. 
and  finally  monthly.  The  days  at  first  were  Saturdays,  subse- 
g^nently  Tuesdays.  The  place  of  meeting,  free  of  cost,  was  at  first 
^e  Adelaide  Gallery,  and  finally,  beginning  on  July  19,  1842,  at 
,  5,  Cavendish  Square,  in  a  room  rented  of  the  Eoyal  Poly- 
faechnic  Institution  at  £25  a-year  while  there  were  less  tliaii 
wenty-five  resident  members — rent  to  increase  as  the  strength  of 
B  Society  increased. 

The  members  of  the  Society  were  entitled  as  part  of  this  arrango- 
pient  to  have  free  admission  to  the  Polytechnic  Institution.  The 
irectors,  on  two  occasions,  on  nights  when  the  Institution  was 
pot  open  to  the  public,  fi-eely  placed  the  large  tlieatre  and  their 
Apparatus  at  the  disposal  of  the  Society,  where,  on  January  14  and 
pebruary  IS,  1843,  lectures,  well  illustrated,  wore  delivered  before 
\  large  assembly  of  members  and  visitors  "  On  Lightning  Con- 
Eactors  "  by  your  Pi-esident,  and  "  On  Animal  Electricity  "  by  Dr. 
theby. 

The  Electrical   Society  were   equally  fortunate  with  ourselves. 

^They  were  not  only  warmly  welcomed  and  granted  the  free  use  of 

Hftfi  theatre  of  the  Adelaide  Gallery — the  place  now  in  the  oecupa- 

HBon  of  Gatfci,  the  confectioner — but  all  the  apparatus  of  the  Inati- 

^lution  was  at  their  disposal  for  experiment  and  illustration.     I  may 

mention,  for  the  information  of  our  younger  members,  that  the 

Adelaide  Gallery  was  a  Polytechnic  Institution  in  principle,  where 

more  scientific  illustrations  were  to  be  seen  by  the  general  public 

than  anyl^"here  else  in  London.     The  advantage  of  meeting  thero 

was  lost  to  us  only  .on  account  of  tlie  Institution  having  been 

lened  to  the  public  on  evenings,  and  the  theatre  being  required. 

Tliere    appear  to   have   been   no    ordinary  meetings   between 

■ay  19,  1840,  and  April  20,  1841 ;  and  of  course  no  papers  read. 

I  Soon  after  May,  1840,  "One  of  the  Committee"   undertook 

ft  collect  together  all  the  MSS.  that  could  be  found  of  the  Papers 

mmnnicated  to  the  Society  since  its  foundation,  and  not  yet 

inted  in  the  "  Transactions ;"  and  to  print  thorn  at  his  discretion 
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in  abstract  or  in  extensoy  uniform  with  the  papers  already  printed, 
and  to  lay  before  the  Committee  in  one  volume  a  record  of  the 
work  done  by  the  Society ;  which  was  completed  and  the  volume 
ready  on  December  12,  1840.  All  arrears  were  now  cleared  oflF, 
and  the  history  of  the  Society  completed  as  far  as  existing  materials 
would  allow.  A  list  of  the  missing  MSS. — a  very  few  only,  as  I 
have  said — ^is  recorded  in  "  Sturgeon's  Annals  "  ;  it  is  to  be  found 
in  vol.  i.  pp.  502-3. 

It  was  now  arranged  that  the  ordinary  meetings  should  be 
resumed,  and  the  Member  of  Committee  who  had  edited  the  volume 
was  invited,  on  March  24,  1841,  to  take  charge  of  the  affairs  of 
the  Society  and  to  accept  the  oflSce  of  Honorary  Secretary  and 
Treasurer ;  to  arrange  the  meetings  of  the  Society,  and  to  publish, 
in  such  form  as  he  should  think  best,  and  as  promptly  after  each 
meeting  as  was  possible  or  convenient,  the  "  Proceedings"  of  the 
Society  and  the  papers  read.  A  guarantee  fund  was  established, 
to  meet  the  expenses  in  case  of  need.  Meetings  were  resumed  and 
held  monthly,  without  any  season  of  recess  in  the  autumn ;  and  the 
"  Proceedings "  were  issued  quarterly,  each  number  containing 
the  results  of  three  meetings. 

The  best  reference  I  can  give  you  to  the  work  done  is  in  the 
royal  4to.  volume  of  210  pages,  and  the  royal  8vo.  volume  of  565 
pages,  each  with  plates  and  woodcuts. 

The  subscription  was  one  guinea  for  non-resident  and  two 
guineas  for  resident  Members.  The  income  from  this,  the  chief 
source,  was  very  small — £80  175.,  £72  Ss.,  £77  145.,  or  about 
£77  a  year,  is  all  that  the  books  show  at  the  best.  The  first  list 
shows  76  names  ;  but,  as  the  result  was  only  £80  175.,  it  is  plain 
enough  that  all  did  not  pay  their  due. 

The  result  of  my  long  experience,  and  no  doubt  it  is  more  or  less 
the  same  with  many  of  you,  is,  that  all  Societies,  whether  for 
charity,  church,  club,  or  science,  are  afflicted  with  members  more 
or  less  in  number  whose  idiosyncracy  is  to  pay  badly  or  not  to  pay 
at  all ;  and  that  a  periodical  process  of  weeding-out  such  unprofit- 
able servants  has  to  be  carried  into  effect.  It  is  to  be  hoped  that 
the  officers  of  this  Society  will  not  spare  such  men,  nor  be  slow  to 
deal  with  them.     With  some  it  is  constitutional,  with  others  it  is — 


Il87ti.]  INAUGUUAL  ADUBESS. 


118; 
one  cau  bai'dly  say  what  it  is.  But  it  in  a  growing  poniplaiiit,  and 
the  more  it  is  iiippod  in  the  bud  before  the  ease  becomes  serious 
the  better.  Carpe  diem  should  bo  our  motto  in  this.  I  mention 
this,  having  noticed  that  the  amount  paid  into  our  Treasury  fella 
flhort  of  the  sum  represented  by  the  roll  of  Members. 
I  have  said  that  76  was  the  liighest  number  of  members  on  the 
roU,  of  whom  some  existed  on  paper  only,  I  fiiid  elsewhere  that 
43  and  51  were  the  largest  number  of  paying  members.  So  that, 
in  point  of  numbers  as  well  as  income,  it  was  a  very  small  Society ; 
and  yet  we  had  good  material  among  us ;  Ot.  Lowe  and  James 
Whatman,  Fellows  of  tlio  Royal  Society,  joined  us ;  and  no  less 

I  than  nine,  or  one-fifth,  of  our  small  number  subsequently  had  the 
'honoui'  of  being  elected  fellows  of  the  Iloyal  Society.  The  names 
in  order  of  election  ai'e:  J,  P.  Gassiot,  1840;  Dr.  O'Shauglmessy 
(Brooke),  1843;  R.  Were  Fox,  1848;  Dr.  Leeson,  1849;  Captain 
"Ibbetsonaml  J.P.Joule,1850;  E.W.  Brayley,  1854 ;  C.  V.  Walker, 
1855;  andE.M,Noad,  1850,— [In  passing  I  may  add  that  F.R.S. 
appears  seventeen  times  in  the  muster-roll  of  the  Society  of  Tele- 
graph Engineers].  Of  the  above  nine,  six  remain ;  and  three  have 
passed  away,  namely,  Captain  Ibbetson,  Dr.  Leeson,  and  Mi-.  Bray- 
ley. A  bye-law  of  the  Royal  Society  was  passed  in  1847,  limiting 
the  number  to  be  elected  each  year  to  fifteen  only, -which  has  since 

I  been  confirmed,  on  St.  Andrew's  Day  last.     So  that,  of  the  above 
nine,  seven  had  the  still  greater  honour  of  being  elected  under  the 
regime  of  the  fifteen  limit.     Mr.  Gassiot,  who  is  fii'st  of  the  nine, 
■was  the  Founder,  to  all  intents  and  purposes,  and  the  active  sup- 
porter, of  tlie  young  Society;  and,  outside  the  8ociety,he  eneouraged 
in  purse  and  person  the  cultivation  of  Electrical  Science.     He  was 
Treasurer  for  the  fii'st  half  of  the  life  of  the   Society,  and  with 
few  exceptions  took  tlie  chair  at  thcii-  meetings.     And  liere  I  must 
myself  descend  from  the  pedestal  on  which  Mr.  Latimer  Clark 
inadvertently  placed  me  in  his  address  last  year.    The  Electrical 
1  Society  had  no  President,  but  elected  a  Chaii'raan  from  among 
ihose  present  at  each  meeting. 
Two  members  of  the  Electi'ical  Society  became  Teiegi-aph  Engi- 
)rs,  the  Rev.  A.  Bath  Power  and  your  humble  servant;    and 
',  J.  H.  Hammerton,  who  became  Superintendent  of  TcVe^'ca,^?. 
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of  the  South  Devon  Line  in  1846,  on  the  staff  of  the  Electric  Tele- 
graph Company,  although  not  actually  a  member,  was  a  frequent 
visitor  at  the  meetings,  and  was  also  very  much  with  Mr.  Gassiot 
and  myself. 

Two  sessions  were  completed  and  eight  quarterly  parts  of  the 
Proceedings  published ;  but  the  prospects  of  the  Socieiy  were  not 
more  promising  under  the  new  rigime  than  under  the  old.  The 
increase  of  members,  and  with  them  of  income,  was  not  appreciable ; 
and  on  comparing  notes  it  was  found  that  the  result  of  the  two 
years'  labour  was  a  debt  of  159Z.  Os.  9d.,  and  no  great  assets.  At 
the  annual  meeting,  on  April  8,  1843,  the  Secretary  in  his  report, 
in  reference  to  the  want  of  success,  said :  "  You  placed  me  in 
almost  despotic  power  over  your  interests ;  you  gave  me  no  council 
to  guide  and  no  committee  to  direct ;  you  entrusted  the  manage- 
ment of  your  affairs  to  my  unexercised  judgment,  and  the  expansion 
of  the  Society  to  my  limited  influence.  Two  years'  experience  has 
taught  me  that  I  am  not  suflScient  to  bear  this  double  burthen  ;" 
and  again,  *^  for  he  (your  Secretary)  has  for  the  last  two 
years  been  virtually  the  Society  ....  members  have  very  far 
fallen  short  of  doing  their  part  towards  supporting  your  Secretary 
in  his  endeavours  to  advance  your  interests ;"  and  "  the  term  of 
my  stewardship-  is  expired,  and  I  resign  my  functions  as  your 
Secretary  and  Treasurer ;  and  again  expressing  my  sincere  regret 
that  I  have  been  unable  to  render  in  a  better  account  of  my 
stewardship." 

The  usual  regrets  and  suggestions  were  made,  but  the  Secretary 
said  that  all  would  be  in  vain  "  unless  there  were  a  standing 
Council  of  Members  who  would  devote  their  time  and  energies  to 
carry  on  the  details  of  the  Society."  It  was  then  resolved  to  call 
a  special  meeting  to  take  into  consideration  the  dissolution  of  the 
Society,  which  was  held  on  April  22,  1843,  when  it  was  deter- 
mined to  dissolve  the  Society,  and  the  requisite  measures  for  carry- 
ing this  into  effect  were  ordered  to  be  taken,  and  a  Provisional 
Committee,  to  which  Mr.  Walker  was  requested  to  act  as  Honorary 
Secretary  and  Treasurer,  was  appointed.  The  result  may  be  given  in 
a  few  words,  although  it  occupied  two  years  and  a-half  to  complete. 

The  members  generally,  and  those  on  the  guarantee  list  espe- 
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cially,  were  called  upon,  and  in  due  course  all  claims  against  the 
Society  were  met ;  and  on  October  28,  1845,  the  final  meedng  of 
the  Committee  was  held,  two  nlembers,  besides  Mr.  Pollock  as 
Chairman  and  myself  as  Secretary,  being  present. 

To  complete  the  history,  the  Society  being  dissolved,  the  publica- 
tion of  the  "  Proceedings  "  ceased,  but  the  materials  and  machinery 
for  a  quarterly  journal  remained,  and  every  thing  was  in  good 
working  order.  I  was  then  strongly  advised  to  take  the  matter 
into  my  own  hands,  and  not  allow  the  publication  of  electrical 
papers  to  drop.  I  did  so,  and  established  the  "  Electrical 
Magazine,"  following  in  order  No.  VIII.  of  the  "  Proceedings," 
by  publishing  No.  I.  of  the  "  Electrical  Magazine  "  at  my  own 
cost  and  risk,  on  July  1,  1843,  and  continued  it  to  October  1, 
1846,  fourteen  quarterly  numbers  in  all.  Volume  L,  of  eight 
numbers,  contained  628  pp. ;  Volume  II.,  of  six  numbers,  480  pp. 
Here  my  courage  and  strength  failed  me.  The  burden  upon  time 
and  purse  was  too  heavy  to  bear  single-handled. 

What  remain  now  of  the  nine  years'  labour  are  the  four  volumes 
which  are  in  your  Library,  and  the  influence  more  or  less  which 
they,  and  the  meetings  reported  in  them,  may  have  had  in  pro- 
moting and  cultivating  tastes  for  electric  science.  What  remained 
then  to  the  labourer  was  the  pleasurable  retrospect  of  the  work  in 
which  he  had  been  permitted  to  take  so  large  a  share,  and  of  the 
congenial  circle  int»  which  he  found  himself  adopted,  and  a  heavy 
balance  of  a  printer's  bill  to  pay. 

To  conclude.  In  what  has  been  said  I  have  studiously  avoided 
taking  you  over  ground  well  explored  by  and  familiar  enough  to 
yourselves  but  untrodden  by  myself  personally ;  and,  at  the  risk  of 
being  tedious  and  of  unduly  trying  the  patience  of  some  of  you, 
have  confined  myself  to  fields  of  labour  with  which  I  have  been 
personally  very  familiar — quorum  magna  pars  fui — but  the  history 
of  which  is  more  or  less  inaccessible  to  you,  and  is  very  little 
known  to  the  public  of  to-day.  I  would  have  made  in  passing  a 
few  more  remarks  than  I  have  done  upon  some  of  the  points  that 
have  cropped  up  in  this  very  brief  sketch ;  but  I  have  passed  them 
over,  having  detained  you  long  enough  already. 

c2 
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Mr.  C.  F.  Varley  :  Gentlemen,  we  have  heard  a  long  and  interestr 
ing  address  from  Mr.  Walker.     During  the  first  part  of  his  paper, 
which  dates  back  to  1 845, 1  may  say  I  am  able  to  keep  pace  with  him 
from  my  own  recollection  and  my  own  experience,  for  it  was  about 
that  time  that  I  was  introduced  to  telegraphy  by  Mr.  Cooke,  and  as- 
sisted him  in  contracts  with  the  Electric  Telegraph  Company  in  the 
following  year.    Mr.  Walker's  experience  is  large  and  special ;  and 
therefore  the  remarks  he  made,  especially  in  the  early  part  of  his 
address,  are  particularly  interesting  to  all  telegraph  engineers,  be- 
cause it  was  by  the  failures  of  those  days  that  our  present  great  suc- 
cess has  been  built  up.     Telegraphs  began  in  1845,  and  cost  the 
large  sum  of  240Z.  a  mile.     The  President  has  told  you  also,  and 
I  can  bear  him  out  in  this,  that  Mr. — now  Sir  William — Fother- 
gill  Cooke  spared  no  pains  to  get  the  best  materials  available  at 
that  time ;  and  I  do  believe,  myself,  that  at  this  present  time,  to 
take  one  instance,  it  is  worth  while — it  is  cheaper  in  the  long  run 
— to  go  to  the  expenffee  of  using  the  best  charcoal  wire  than  the 
common  stuff  now  sold  under  the  name  of  "  Extra  best  best."     It 
is  an  undoubted  fact,  and  one  which  we  should  bear  in  mind, 
that  a  wire  compact  in  its  structure,  like  that  of  the  best  charcoal 
iron — homogeneous  iron — does  not  disintegrate  by  rust  so  rapidly 
as  a  wire  which  consists  merely  of  a  bundle  of  loose  fibres,  and 
termed  "  Extra  best  best."     Therefore  it  is  well,  and  I  am  exceed- 
ingly pleased,  to  hear  Mr.  Walker  give  Sir  William  Fothergill  Cooke 
the  praise  which  is  due  to  him  for  having  used  such  excellent  wire ; 
and  in  illustration  of  this  I  may  mention  one  fact  in  relation  to  the 
telegraph  erected  to  connect  the  Victualling  Yard  at  Gosport  direct 
with  the  Admiralty  in  London.      On  the  occasion  of  a  storm  in 
1848,  one  of  the  poles  on  that  line,  35  feet  out  of  the  ground,  fell 
down,  carrying  the  wires  with  it.   The  four  wires  were  stretched  no 
less  than  seven  yards  in  the  span  of  100 ;  and  when  we  came  to 
put  up  a  new  pole  all  we  had  to  do  was  to  wind  up  the  extra 
quantity  of  seven  yards  of  wire,  and  the  telegraph  line  was  as 
sound  as  before. 

Mr.  Walker  has  referred  to  a  number  of  interesting  facts.  One 
which  will  especially  interest  this  Society  was  that  relative  to  the 
remarks  made  by  my  late  and  esteemed  superior,  Mr.  Hatcher,  as  to 
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the  impossibility  of  laying  down  wires  in  the  streets  of  London.  It  is 
a  singular  fact  that  in  1846  I  took  a  share  in  laying  down  wires  to  the 
premises  345  Strand,  which  was  the  first  telegraph  office  opened  in 
London,  and  those  wires  were  successful  for  a  considerable  time. 
Mr.  Walker  also  mentioned  the  fact  that  some  of  the  original  tele- 
graph instruments — double  needles — for  which  45  Z.  were  charged  to 
my  knowledge,  are  still  working  to  this  day — another  testimony  to 
the  excellence  of  the  workmanship  of  Sir  William  Fothergill  Cooke 
in  the  early  days  of  telegraphy.  The  experiments  that  were  made 
between  Folkestone  and  the  vessel  moored  out  at  sea  may  be  looked 
upon  as  probably  the  first  successful  laying  of  a  submarine  line  of 
considerable  length.  There  is,  however,  an  interesting  fact  which 
should  not  be  lost  to  our  recollection,  and  that  is  that  in  Russia 
a  submarine  line  of  nearly  the  same  length  was  actually  laid  and 
mines  were  fired  at  a  distance  of  two  miles  in  the  year  1818,  and 
it  is  to  that  date  that  we  must  go  back,  I  think,  for  the  first  idea  of 
a  submarine  telegraph.  I  am  very  pleased  that  allusion  has  been 
made  to  the  labours  of  Mr.  W.  Sturgeon,  who  was  an  intimate 
friend  of  my  father's,  and  with  whom  I  have  had  many  interest- 
ing conversations  and  discussions  upon  telegraphy.  In  a  large 
quarto  work,  a  copy  of  which  he  presented  to  my  father,  which  I 
think  must  have  been  a  collection  of  his  papers,  there  are  nume- 
rous excellently  executed  copper-plates  of  various  apparatus,  which 
will  bear  inspection  at  the  present  day,  and  much  may  be  gathered 
from  them.  It  is  unnecessary  for  me  to  say  anything  further  than 
that  I  hope  you  will  support  the  proposition  which  I  am  about  to 
make,  viz.  that  our  worthy  President  will  be  kind  enough  to  permit 
his  address  to  be  printed. 

The  motion  having  been  unanimously  carried,  a  suggestion  was 
made  that  the  original  notices  relating  to  the  exhibition  of  the 
electric  telegraph  at  Paddington  read  by  the  President  should  be 
photographed  and  accompany  the  address. 

The  President:  It  is  very  gratifying  to  me  to  find  that  the- 
address  which  I  have  read  has  been  so  heartily  accepted.  It  must 
in  many  senses  have  been  very  dry,  seeing  it  contains  so  many 
dates  and  so  many  matters  of  history,  but  I  alone  was  in  a  position  to 
collect  and  lay  before  you  those  matters  of  history,  pgLiticuWY^  V\'»5k 
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regard  to  the  London  Electrical  Society.  As  to  the  photographing 
of  these  curious  handbills,  that  had  been  suggested  to  me  by  the 
Secretary,  and  when  you  see  my  address  in  print  I  have  no  doubt 
they  will  accompany  it. 

Mr.  Latimer  Clark  :  There  is  one  duty  which  we  must  not 
omit  to  perform.  The  Society  of  Telegraph  Engineers  is  as  we 
know  modelled  upon  the  laws  of  the  Institution  of  Civil  Engineers. 
We  have  received  the  greatest  kindness,  courtesy,  and  assistance 
from  them  :  they  have  lent  us  a  helping-hand  in  many  ways,  but 
above  all  we  are  indebted  to  them  for  the  continued  use  of  their 
admirable  room,  which  they  are  so  liberal  as  to  place  at  our  dis- 
posal whenever  we  require  it.  I  feel  it  is  only  necessary  to  propose 
a  vote  of  thanks  to  the  President  and  Council  of  that  Institution  to 
ensiu'e  its  being  cordially  seconded  and  carried  by  acclamation. 

Colonel  Stotherd  :  I  rise  to  second  the  proposition,  and  I  am 
quite  sure  the  kind  permission  to  use  this  room  has  contributed 
very  much  to  the  prosperity  of  this  Society. 

The  President  :  I  can  especially  from  this  chair  ask  you  to 
hold  up  your  hands  in  favour  of  this  vote,  for  this  is  not  the  first 
Society  holding  its  meetings  here  of  which  I  have  had  the  honour 
of  being  president.  For  many  years  past  the  Meteorological  So- 
ciety has  held  its  meetings  under  this  roof,  and  they  continue  to 
do  so  still  through  the  kindness  of  the  Council  of  the  Institution  of 
Civil  Engineers.  Those  who  approve  of  the  vote  of  thanks  to  the 
Institution  will  be  good  enough  to  hold  up  their  hands,  and  I  am 
sure  it  will  be  unanimous. 

The  motion  was  carried  unanimously,  and  the  meeting  was 
then  made  special  for  the  purpose  of  reconsidering  Eule  XIL  It 
was  resolved  that  the  Ballot  for  the  admission  of  candidates  should 
take  place  in  future  at  the  first  Ordinary  General  Meeting  in  each 
month  in  place  of  at  every  meeting  as  hitherto. 


1876.]  23 


The  Forty-second  Ordinary  General  Meeting  was  held  on  Wed- 
nesday, the  26th  January,  1876,  Mr.  G.  V.  Walker,  F.B.S. 
President,  in  the  Chair. 


The  discussion  of  Mr.  C.  Fleetwood's  paper,  "  On  Underground 
Telegraphs — The  London  Street  System,"  was  resumed  by 

Mr.  Alexander  J.  S.  Adams,  who  said :  The  paper  read  two 
meetings  since  possessed  many  points  of  interest,  but  few  that  were 
likely  to  elicit  discussion.  At  the  same  time  it  appears  to  me  that 
some  such  paper  had  become  most  desirable.  We  have  no  com- 
plete and  connected  account  of  the  London  street  work  of  the  past, 
but  here  is  a  basis  upon  which  we  may  form  progressive  compari- 
sons, and  in  this  light  the  paper  is  of  value.  Much  might,  how- 
ever, have  been  added  to  render  the  paper  more  complete  than  it 
is.  For  instance,  the  method  for  localising  damp  and  minute 
faults ;  specimens  of  actual  faults  would  have  been  particularly 
interesting,  for  I  do  not  think  a  fault  in  covered  work  can  occur 
without  teaching  its  lesson.  Some  mention  might  have  been  made 
about  earth-currents  and  other  strange  forces  which  would  hardly 
fail  to  present  themselves  upon  so  extensive  a  system. 

Looking  at  underground  telegraphy  in  its  entirety  two  important 
questions  present  themselves.  The  one,  are  the  capabilities  of  the 
present  system  and  the  success  achieved  commensurate  with  the  cost 
and  the  fact  that  this  system  has  been  developed  upon  the  expe- 
riences of  nearly  thirty  years  ?  I  may  be  corrected,  but  I  believe 
Aat  a  new  line  in  the  heart  of  London  would  cost  upwards  of 
2,000Z.  per  mile,  whilst  I  do  not  know  any  underground  line,  ex- 
cept comparatively  new  work,  that  has  not  sooner  or  later  proved 
expensively  troublesome. 

Again,  does  the  underground  system  of  to-day  bring  us  any 
nearer  a  solution  of  the  problem  of  putting  all  lines  under  ground  ? 
To  my  mind  the  question  of  superseding  suspended  wires  has  long 
been  one  of  considerable  importance. 
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In  these  days  of  automatic  signalling  there  are  apparatus  and 
force  generators  of  the  most  complete  and  costly  kinds — appliances 
probably  equal  to  anything  required  of  them  for  some  time  to 
come — ^but  to  what  purpose  are  they  if  upon  some  meteorological 
change  the  insulation  of  suspended  wires  is  reduced  to  almost  nil, 
and  the  whole  system  rendered  non-eflfective  thereby  ?  It  is,  of 
course,  well  to  make  the  most  of  what  we  have,  and  to  improve 
existing  means ;  but  suspended  wires  are  practically  beyond  their 
time,  and  it  would  be  wise  to  direct  thought  and  energy  towards 
the  production  of  something  electrically  more  constant  Gutta- 
percha or  india-rubber  are  hardly  available  for  the  purpose.  Gutta- 
percha may  live  to  a  considerable  age  under  certain  conditions, 
but  how 'are  those  conditions  to  be  provided  and  maintained  ? 

In  taking  up  the  question  of  constructing  a  line  electrically 
more  constant  than  the  present  open  lines  I  endeavoured  to  place 
the  requirements  of  such  a  line  as  follows  : — 

It  should  be  under  ground. 

Simple  in  construction. 

Easy  of  repair. 

Not  liable  to  fail. 

Free  from  joints. 

Insulation  constant 

Inductive  capaciiy  low. 

Capable  of  carrying  heavy  power. 

Upon  trying  various  substances  likely  to  form  an  insulator  for 
the  purposes  of  such  a  line  I  was  satisfied  with  nothing  so  well  as 
with  asphalte,  and  to  asphalte  I  directed  my  attention.  It  may 
be  urged  that  asphalte  has  already  been  tried  and  has  failed ;  but 
I  think  it  was  the  constructive  principle  that  failed  and  not  the 
material.  In  one  instance,  I  believe  at  Amsterdam,  a  trendk 
was  made,  and  at  intervals  along  it  sectional  plates  or  dia- 
phragms of  asphalte  were  fixed  and  pierced  with  holes,  through 
which  wires  were  drawn  and  strained  up.  If  with  our  beauti- 
ful cup  insulators  the  wires  sufifer  from  surface  conduction  what 
shall  be  said  of  these  exposed  asphalte  plates?  In  England 
again  a  layer  of  hot  asphalte  was  put  down,  and  in  it  lengths 
of  old  fi;utta-percha  wire  were  imbedded,  and  upon  this  another 
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I  layer  of  hot  asphalte.  Now  gutta-percha  is  the  very  worst 
Iviaterial  that  could  be  used  fur  such  a  purpose,  iuasmuch  as 
I  gutta  -  percha  surrouudcd  by  heated  asphalte  gives  off  a  gas, 
L  which,  inflating  the  insulating  medium,  produces  air  and  vacuum 
I  lioles  ;  moreover  the  gutta-percha  is  reduced  to  so  much  sponge, 
F  and  the  under  layer  of  asphalte  would  have  partially  cooled  and 
r  become  coated  with  moisture  and  grit  before  the  top  layer  could 
I  be  applied.  Specimens  showing  this  were  laid  upon  the  table  at 
E'OQi'  last  meeting. 

In   laying   a  provincial   line  with    asphalte   I  should    proceed 
r  thus,  witli  (say)  half  an  inch  of  insulating  material  between  each 


Open  up  a  trench  of  sufficient  depth  and  width,  and  in  it 
lay  a  concrete  foundation  and  sides  two  inches  tliick,  and  dress 
this  concrete  trough  witli  hot  pitch.  The  trough  should  be  care- 
ftdly  made,  and  into  it  place  a  diaphragm  of  wood,  perforated 
with  equi-diatant  holes  :  pass  the  copper  wires  through  the  holes, 
and  fasten  them  upon  the  one  side.  This  board  should  be  rigid. 
A  second  board,  through  the  IioleS  of  wliicll  the  wires  have  been 
threaded,  is  carried  along  the  trough  to  a  convenient  distance,  and 
the  wires  strained  up  by  it.  Hot  liquid  asphalte,  of  a  specially 
prepared  kind,  should  then  be  pom-ed  into  the  trough  until  level 
above  the  wires.  A  coating  of  hot  pitch  is  applied,  and  when 
cold  the  top  dressing  of  concrete  raised  conically  to  resist  down- 
ward pressure.  The  whole  is  then  filled  in  and  carefully  rammed 
with  wooden  pnnners.  Some  three  years  ago  I  laid  down  a 
short  length  of  such  a  line,  and  before  breaking  it  up  some 
time  afterwards  cut  out  the  section  which  was  placed  upon  the 
table  at  our  last  meeting.  I  have  also  tested  wires  coated  with 
an  asphalte  prepared  by  myself,  under  water  pressure,  with  suc- 
cess, there  being  little  or  no  absorption. 

The  system  described  by  Mr.  Fleetwood  is  evidently  of  recent 
construction,  and  therefore  has  to  be  proved ;  so  that  the  present 
method  adopted  is  still  somewhat  experimental.  Suspended 
wires  are,  however,  quite  inadequate  to  the  growing  require- 
ments of  any  healthy  system  of  telegraphy,  and  my  leading  idea 
m  rising  is  to  direct  attention  to  the  subject. 
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I  am  sorry  so  many  points  of  interest  were  omitted  from  the 
paper  before  us,  for  amongst  other  matters  I  should  like  to  have 
learned  from  those  able  to  judge  if  the  underground  system,  as 
it  is,  is  complete  and  a  success. 

The  President  :  We  are  much  obliged  to  Mr.  Adams  for  his 
remarks  as  to  the  value  of  asphalte.  It  reminds  me  of  days  gone 
by,  when  Lord  Dundonald — the  Lord  Cochrane  of  history — made 
some  experiments  in  covering  wires  with  asphalte.  His  lordship 
had  a  large  property  in  Trinidad  where  bitumen  abounded,  and 
various  experiments  were  made  with  a  view  of  testing  its  adapta- 
bility to  telegraph  purposes.  I  myself  in  1853  tried  some  wires 
covered  with  that  asphalte  ;  I  did  not  test  them  in  a  scientific  manner 
— roughly  only:  in  due  course  they  perished.  I  believe  Mr. 
Latimer  Clark  has  had  some  experience  in  the  use  of  asphalte  ; 
and  he  will  perhaps  be  good  enough  to  state  what  the  result  was. 

Mr.  Latimer  Clark  :  In  listening  to  a  paper  on  the  London 
street  work  I  felt  I  had  been  so  long  dissociated  from  such  work 
that  I  was  hoping  to  learn  rather  than  desiring  to  speak.  The 
paper  was  an  able  one  and  faithfully  described  the  actual  existing 
system.  It  treated  on  a  subject  of  great  importance  to  the  Post- 
office  and  to  some  extent  to  submarine  telegraph  companies,  but 
many  interesting  points  appear  to  have  been  overlooked,  and  I  agree 
generally  with  Mr.  Adams  as  to  what  those  questions  are.  I  cer- 
tainly felt  surprise  that  no  allusion  was  made  to  the  use  of  paraffin 
and  asphalte  as  insulating  materials,  and  but  very  slight  allusion 
to  india-rubber.  I  was  also  in  hopes  that  we  should  have  had  the 
results  of  some  practical  experience  with  lead-covered  wires.  These 
are  points  on  which  we  require  information,  and  on  which  I  hope 
we  shall  yet  have  some  from  those  who  have  had  experience.  There 
are  some  other  points,  viz.  as  to  the  best  size  of  wire,  with  which 
the  question  of  induction  is  connected,  and  it  would  be  interesting 
to  know  what  advantages  result  from  using  larger  or  smaller  wire. 
We  are  aware,  with  reference  to  the  rapid  system  of  automatic  sig- 
nalling now  coming  into  use,  that  the  induction  of  street  wires  has 
an  important  influence  on  the  speed,  and  we  know  that  one  of  the 
benefits  of  asphalte  is  that  it  decreases  the  amount  of  induction, 
because  we  can  use  more  of  that  material  than  of  others  which  are 
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more  expensive.  In  the  early  stages  of  underground  work,  when 
we  became  first  aware  of  the  great  amount  of  retardation  which 
occurs  when  a  current  is  sent  through  gutta-percha  covered  wire, 
I  took  out  a  patent  for  encasing  gutta-percha  wires  with  asphalte 
to  reduce  the  induction.  I  mention  this  to  show  that  even  in  those 
early  days  the  importance  of  speed  of  transmission  was  present  to 
our  minds. 

With  regard  to  asphalte,  Lord  Dundonald's  idea  was  to  cover 
copper  with  a  kind  of  natural  asphalte  which  came  from  his  exten- 
sive bitumen  lakes  in  the  island  of  Trinidad.  This  material  failed, 
partly  by  reason  of  its  impurity  and  partly  because  it  was  so  soft 
that  the  wires  readily  forced  themselves  through  it  to  the  surface. 
I  then  turned  my  attention  to  the  very  system  which  Mr.  Adams 
has  mentioned  to-night.  I  laid  down  some  experimental  wires  at 
Camden  Town  on  level  wooden  troughs  with  diaphragms  of  porce- 
lain or  slate  at  stated  distances,  pierced  with  holes,  and  I  carried 
the  wires  through  the  holes  in  little  glass  tubes,  which  were  strung 
on  the  wires.  Into  the  troughs  I  poured  liquid  asphalte.  This  made 
at  first  a  promising  piece  of  work,  and,  as  far  as  the  testing  went, 
appeared  quite  perfect.  I  was,  however,  led  to  abandon  that  fi'om 
circumstances  which  I  do  not  remember  now,  and  I  tried  the  fol- 
lowing plan,  which  also  did  not  succeed.  I  had  by  me  a  large  quan- 
tity of  old  gutta-percha  wire  which  having  been  originally  of  impure 
quality  had  become  entirely  oxidised  into  the  resinous  state,  and 
from  which  the  gutta-percha  had  broken  into  little  pieces  like  tobacco- 
pipes.  I  was  reluctant  to  throw  it  away,  so  I  laid  up  a  number  of 
these  wires  into  a  large  cable  and  covered  them  with  a  casing  of 
canvas.  I  then  placed  the  cable  in  a  large  iron  cylinder,  five  feet  in 
diameter,  and,  exhausting  the  air  from  it,  I  got  a  good  vacuum, 
and  then  let  a  large  quantity  of  warm  asphalte  flow  in  and  fill  the 
cylinder.  I  next  allowed  the  pressure  of  the  air  to  come  upon  it 
This,  of  course,  saturated  the  cable  with  asphalte,  nnd  I  found  when 
it  got  cold  a  semi-solid  mass,  with  the  gutta-percha  wires  in  the 
interior.  The  wires  had  not  been  affected  by  the  heat,  and  the  insu- 
lation was  fair,  but  it  made  a  nasty  rope  to  handle ;  and,  though 
itwas  covered  with  a  second  surface  of  sacking,  it  was  never  approved, 
and  when  I  left  the  service  was  lost  sight  of.     These  two  VrvaXscac^^ 
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constitute  the  only  acquaintance  I  have  with  asphalte,  but  I  have 
heard  of  its  being  extensively  employed  in  France,  and,  as  far  as  I 
know,  with  some  success ;  so  that  I  think  the  authorities  in  England 
would  do  well  to  inquire  into  the  question  and  to  make  experiments 
for  the  purpose  of  ascertaining  the  real  value  of  the  material.  1 
should  have  liked  to  know  whether  india-rubber  could  be  used  in 
conjunction  with  asphalte,  because  both  asphalte  and  paraffin  are 
materials  which  will  not  injure  india-rubber.  Then,  again,  vul- 
canised india-rubber  would,  I  apprehend,  form  with  these  materials 
a  very  durable  system  of  street  work  with  very  low  inductive 
capacity ;  and  I  think  further  experiments  might  with  advantage 
be  made  in  this  direction. 

The  French  Atlantic  Company  have,  I  learn,  laid  down  near 
Brest  a  double  line  of  fifteen  miles  of  lead-covered  wire,  manu- 
factured in  France.  I  am  sorry  Mr.  Varley,  who  has,  I  believe, 
examined  the  line,  is  not  here  to  tell  us  what  the  experience  of 
it  has  been ;  but  I  believe  that  up  to  the  latest  accounts  it  had 
lasted  extremely  well  and  the  insulation  was  very  perfect.  The 
chief  objection  to  it  was  its  expense ;  but  as  a  means  of  preventing 
the  gutta-percha  from  becoming  oxidised  lead  is  perfect,  and  I  have 
seen  specimens  which  appeared  after  twenty-five  years  as  fresh  to 
all  appearance  as  new  gutta-percha. 

The  efiect  of  lightning  on  street  wires  is  a  point  on  which  we 
might  with  advantage  receive  information.  We  all  know  that  in 
time  of  storms  our  bells  are  rung  by  the  inductive  efiects  of  the 
lightning ;  but  how  frequently  faults  in  street  wires  are  occasioned 
by  lightning  traversing  the  line  is  a  question  on  which  we  should 
like  to  have  the  most  recent  experience.  These  are  questions  on 
which  I  hope  this  discussion  will  elicit  some  information. 

The  President  :  Mr.  Clark  has  called  attention  to  gutta-percha 
covered  wires,  enclosed  in  lead.  If  there  is  any  gentleman  present 
who  has  had  experience  in  such  work  it  would  be  instructive  to 
hear  about  it.  Many  years  ago — indeed,  time  passes  so  rapidly 
that  I  cannot  say  how  many  years  it  is* — the  South  Eastern 
Eailway  Company  had  a  set  of  gutta-percha  wires,  covered  with 

•  On  reference  to  our  books  I  find  it  was  in  July  1856.    It  cost  2il,  per  mile. 

C.  V.  W. 
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,  which  were  supplied  to  us  by  the  Gutta-percha  Company. 
They  were  laid  under  pavement,  and  when  we  last  saw  them, 
which  was  some  years  ago,  they  appeared  to  he  as  perfect  as  when 
ihey  were  first  laid.  When  the  office  served  by  them  was  trans- 
Iferred  elsewhere  it  was  too  expensive  to  pull  up  a  long  lenglJi  of 
tavemeiit  at  London  Bridge  Incline,  and  those  wires  lie  buried 
ihere  at  the  present  time.  If  there  is  any  gentleman  present  con- 
lected  with  the  Gutta-pereha  Company  we  should  be  very  glad  to 
"hear  from  him  how  this  kind  of  wire  has  behaved  elsewhere. 

Colonel  Glover  (responding  to  the  President's  invitation) : 
Mr.  Ffinch,  who  is  pre.'^eut,  has  been  longer  connected  with  Indian 
elegraphs  than  myself;  but  on  one  occasion,  being  on  a  tour  of 
ispection,  I  saw  lying  at  Madras  an  immense  quajitity  of  lead- 
lovered  gutta-perclia  wire.  There  could  uot  have  been  less  than 
|50  to  100  tons  paclted  on  drums.  I  was  intbrmed  tliat  it  was  sent 
%y  Sir  William  O'Shaughnessey,  and  had  remaine<l  where  I  saw  it 
■  since  its  arrival.  I  had  no  opporhiuily  of  making  a  minute 
examination,  but  J  had  the  wire  on  several  of  the  drums  cut 
open,  and  in  almost  every  iiiHtance  tho  gutta-percha  was  broken 
up  into  tobacco  pipes,  as  Mr.  Latimer  Clark  described.  I  can  give 
no  information  of  value  with  regard  to  these  wires  because  I  had 
no  time  to  make  any  further  examination ;  but  perhaps  Mr.  Ffinch 
will  be  able  to  tell  us  more  about  it. 

Mr.  Ffinch  :  I  only  know  that  tlie  gutta-peroha  [lerished  in  the 
lead  covering.  Some  of  this  description  of  wire  was  laid  from 
Calcutta  to  Beypore,  a  distance  of  foui'teen  miles,  and  on  one  or 
two  other  short  sections,  and  in  every  case  it  was  defective  through 
the  gutta-perclia  having  perished,  bnt  I  believe  tJie  fault  was  in  the 
inferior  quahty  of  the  gutta-percha.  There  was,  I  know,  a  very 
large  quantity  of  it  sent  out  from  England. 
[  Mr.  Latimeh  Clark  :  Who  manufactured  it  ? 
'       Mr.  FpraoH  :  I  cannot  say. 

Mr.  Latimer  Claek  :  Was  it  a  leaden  joint,  with  a  short  tube 
over  it? 

Mr.  Ffdjch  :  It  was  one  uniform  joint.     Each  drum  contained 
about  a  nule  of  wire. 

Mr.  Latimer  Clakk  :  There  was  originally  a  large  t^uan^iV-^  o'i 
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Macnair's  tubes  used  in  telegi'aph  wires,  but  your  description  does 
not  agree  with  them. 

Mr.  SpagnoIiETTI  :  My  experience  in  underground  lines  is  not 
very  great,  as  far  as  mileage  goes.  The  longest  length  we  have  on 
the  Great  Western  Eailway  is  in  the  Paddington  Station  Yard, 
and  there  are  here  sixty  wires  in  4-inch  iron  tubes  for  a  distance  of 
a  mile  and  a-half.  The  wires  are  in  cast-iron  pipes,  and  to  get  them 
clear  of  the  roughness  inside  before  putting  them  down  a  rymer 
was  made,  with  two  discs  of  steel  about  a  foot  apart  at  the  end,  and 
by  passing  it  up  and  down  it  cleaned  them  well.  The  end  of 
one  pipe  fitted  into  the  socket  of  the  next,  and  was  filed  round  and 
smooth  to  prevent  the  wires  from  being  damaged  as  they  were 
drawn  in.  The  pipes  were  then  heated  over  a  large  fire,  a  rest 
being  formed  by  a  couple  of  rails,  and  old  timber  was  used  for  fiiel ; 
when  sufficiently  hot  they  were  dipped  into  a  trough  of  coal-tar, 
which  had  the  effect  of  japanning  them  inside  and  out  and  present- 
ing a  beautifully  smooth  tube.  They  were  then  laid  down  in  a 
trench  and  cemented  at  the  joints  and  the  wires  pulled  through 
them.  In  the  case  of  tunnels  we  carry  the  wires  either  over  on 
poles  or  in  sheeting  attached  to  the  wall. 

The  subject  of  the  paper  before  us  is  an  interesting  one,  and  the 
telegraphic  system  of  London  is  worthy  of  a  paper  to  itself.  The 
author  has  given  us  a  good  deal  of  information  about  these  works 
and  shows  how  London  is  served  telegraphically,  and  the  mileage 
is  much  larger  than  I  anticipated.  As  the  present  underground 
wires  seem  to  perish  so  soon,  I  fancy  there  must  be  some  mistake 
on  the  side  of  supposed  economy  in  using  the  wire  we  have  done. 
Formerly  some  wires  were  put  down  of  No.  16  copper  wire,  covered 
with  gutta-percha  to  No.  4  or  No.  3,  and  after  having  been  down 
for  a  period  of  fifteen  or  sixteen  years  they  were  when  taken  up, 
consequent  upon  the  alteration  of  the  then  route,  found  to  be  in  a 
perfect  state  of  preservation.  The  conductivity  of  No.  16  copper 
wire  was  always  less  than  that  of  the  wire  used,  and  why  a  wire. 
No.  18,  offering  as  it  does  still  more  resistance,  is  now  generally 
used,  I  cannot  understand. 

The  wire  covered  to  No.  7  is  much  too  thin,  and  is  very  liable 
in  consequence  to  be  damaged  in  being  pulled  through  the  pipes. 
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The  author  advocates  the  increase  of  underground  wires ;  J)ut  in  a 
paper  by  Mr.  George  Preece,  which  he  read  in  1873,  was  given  a 
long  catalogue  of  the  disadvantages  of  street  work,  which  would,  I 
should  think,  deter  any  one  from  putting  down  more  than  could  be 
avoided.  The  author  does  not  mention  the  disadvantages  of  the 
underground  system ;  but,  in  the  case  of  the  London  street  work, 
there  is,  I  am  told,  one  continual  source  of  damage  from  the  heat 
from  bakers'  ovens,  by  which  the  insulation  of  the  wires  is  injured. 
As  a  parallel  case,  in  the  Paddington  work  we  laid  down  the  wires 
near  to  an  unknown  steam-pipe,  by  which  they  were  considerably 
affected  through  being  heated  to  an  extent  which  almost  destroycJ 
insulation  altogether;  this  was  a  serious  source  of  annoyance,  Ub 
we  could  not  alter  the  course  of  the  wires,  unless  a  great  outlaj 
was  incurred,  and  we  had  to  devise  a  scheme  to  protect  the  wire^ 
from  the  heat  of  the  pipe. 

It  has  been  a  matter  of  surprise  to  me  that  the  Government  have 
lost  sight  of  the  Metropolitan  Railway  for  their  underground 
system,  because  that  railway  forms  a  perfect  and  secure  route,  and 
runs  through  the  most  populous  parts  of  London.  It  would  re- 
quire only  a  short  length  of  underground  wire  from  the  Post-office 
to  Aldersgate  Station;  and,  ruiming  eastward,  they  would  get 
direct  communication  with  the  Great  Eastern  and  North  London 
Railways.  Coming  westward,  at  King's  Cross  they  could  rmi 
direct  on  to  the  Great  Northern  and  the  Midland  Railways.  At 
Qower  Street,  Euston  could  easily  be  reached  to  get  the  wires  on 
to  the  London  and  North  Western ;  and  at  Paddington  they  could 
join  the  Great  Western  and  Hammersmith  and  Ciiy  Railway,  and 
then  to  the  well-known  Clapham  Junction,  from  whence  they  could 
go  anywhere.  Going  round  the  other  way,  from  the  City  to  the 
Mansion  House,  they  could  join  the  South  Eastern,  the  Brighton, 
and  the  London,  Chatham,  and  Dover  Railways.  I  cannot  but 
think  that  this  route  would  be  of  great  advantage,  having  testing 
stations  so  near  and  conveniently  placed  at  the  Metropolitan  Rail- 
way Stations.  There  are  manholes  in  the  tunnels  where  a  man 
could  work  safely  if  a  system  were  adopted  of  putting  the  wires 
down  in  a  trough  along  the  side  of  the  wall ;  and  wires  could  be 
taken  up,  relaid,  and  tested  very  conveniently  indeed. 
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With  regard  to  a  cable  covered  with  asphalte,  I  made  one  of 
old,  but  good,  gutta-percha  covered  wires,  which  were  originally 
laid  along  the  Blackwall  line.  The  wires  were  wrapped  in  hemp, 
and  a  covering  of  canvas  was  put  over  the  herap  and  coated 
outside  with  Stockholm  tar,  and  the  whole  was  then  passed 
through  asphalte.  That  cable  is  working  now.  Some  years  ago — 
I  think  in  1863 — Mr.  Donald  Nicol,  who  lived  near  Kilbum,  had 
an  idea  of  using  Trinidad  asphalte.  He  had  it  tried  and  laid  down 
in  blocks  seven  feet  long,  with  a  dozen  wires  in  each  block.  The 
joints  in  the  wires,  which  were  very  numerous,  were  made  like  a 
pocket  corkscrew— one  wire  was  spirally  twisted,  the  other  was 
straight,  and  the  straight  was  pushed  up  the  spiral  one  so  as  to 
give  several  points  of  contact.  He  sent  a  model  of  this  to  the 
Paris  Exhibition. 

I  should  like  to  ask  Mr.  Adams  how  he  managed  with  regard 
to  his  joints,  and  what  distance  he  anticipated  he  can  thread  wires 
through  asphalte.  I  am  afraid  he  will  find  some  diflSculty,  and 
the  number  of  joints  must  be  very  great  indeed,  and  consequently 
not  an  advantage  to  any  system. 

Mr.  Adams  then  proceeded  to  describe  by  illustrations  on  the 
board  the  plan  of  construction  proposed  by  him.  He  said:  The 
construction  of  a  line  I  have  already  described ;  and  supposing  the 
trench  with  its  concrete  lining,  and  the  wires  are  ready,  the  hot 
asphalts  is  poured  into  the  trough  over  the  wires  from  a  boiler 
standing  or  wheeled  along  over  the  trench.  The  spout  or  boiler 
outlet  would  project  into  the  trough,  and  this  spout  having  a  hot 
jacket,  the  asphalte  is  delivered  on  to  the  wires  in  quite  a  liquid 
state.  Upon  the  hot  asphalte  running  short,  the  end  of  the  line 
is  carefully  covered  whilst  another  batch  is  being  prepared,  when, 
after  placing  a  properly  constructed  fire-box  over  the  end  to  melt 
the  last  laid  asphalte,  the  operation  is  continued  as  before. 
Thoroughly  melting  the  end  before  commencing  to  pour  the  fresh 
asphalte  renders  the  whole  a  continuation  and  not  a  joint.  This 
plan  has  succeeded  upon  a  small  scale,  and  I  consider  it  worthy 
of  more  extended  experiment. 

Mr.  HiQGms :  How  do  you  meet  the  difficulty  of  the  expansion 
of  the  wires  by  the  heat  of  the  asphalte  ? 
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Mr.  Adams:  The  board  whi<;h  you  move  along  tlie  trough  should 
strain  your  wires  up  and  keep  tlicm  strained  aa  the  asphalt*  cools, 
and  hard  copper  ought  to  be  used.  The  specimen  I  put  on  the  table 
showed  that  the  asphalte  clings  to  the  wire  very  tightly.  By  strain- 
ing up  the  wires  with  the  board  you  have  nodifficulty  from  expansion. 
Tlie  President  suggested  that  in  the  event  of  a  wire  requiring 
to  be  removed  there  would  be  considerable  difficulty  in  doing  it,  aa 
he  apprehended  it  would  be  necessary  to  melt  the  asphalto  for  the 

I  whole  length  of  tlie  wire  which  had  to  be  withdrawn.  He  thought 
that  introduced  a  great  practical  difficulty. 
Mr.  Latimeb  Clark  said  if  esperimenta  were  made  with 
asphalte  it  would  be  well  to  raake  preliminary  trials  as  to  the  best 
(lesci'iption  of  asphalte  for  the  purpose,  inasmuch  as  there  was 
great  difference  in  the  insulating  power  of  different  qualities  of 
asphalte.  In  the  ordinary  road-asphalte  there  was  a  considerable 
quantity  of  ground  carbonate  of  lime.     It  was  very  important  to 

(find  out  the  best  asphalte  for  the  purpose. 
Mr.  SrvEWEiGHT:  I  had  not  the  pleasure  of  listening  to  Mr. 
■Fleetwood's  paper,  and,  as  my  experience  of  undei'ground  wires  is 
^mewhat  limited,  I  am  rather  cbary  in  expressing  an  opinion 
«bout  them.  Mr.  Fleetwood  recommends  the  extension  of  under- 
ground works,  and  I  agree  with  him  for  more  reasons  than  one. 
There  can  be  no  doubt  that,  so  far  as  first  cost  is  concerjied,  under- 
ground work  is  more  expensive  than  open  work ;  but,  as  regards 
the  question  of  maintenance,  I  have  never  seen  statistics  brought 
forward  sufficiently  conclusive  in  favour  of  open  wires,  particularly 
for  trunk  lines.  There  is  another  point  to  be  borne  in  mind,  and 
that  is,  the  great  damage  to  which  open  wires  are  subject  during 
storms.  It  was  only  last  week  that  the  Postal  Telegraph  system 
throughout  the  Midland  comities  was  almost  entii'ely  paralysed 
from  this  cause.  A  violent  storm  swept  from  the  Bristol  Channel 
through  the  centi'e  of  England  to  the  Wash,  and  wrougnt  such 
damage  that  on  Saturday  morning  there  was  scarcely  a  single  wire 
kpvrkablo  to  the  north  of  England.  Bearing  in  mind  what  enormous 
BfrafBc  passes  over  these  lines,  and  how  serious  a  loss  the  stoppage 
for  a  single  day  ontailsj  wo  get  a  powerful  argument  in  favour  of 
laying  down  underground  works  even  more  extensively  than  has 
hitherto  been  done.     And  not  only  this  ;  the  impT0V6Tiieu.l%  aSettXsA. 
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in  the  insulation  should  not  be  lost  sight  of.  In  the  wires  con- 
necting our  large  towns  more  leakage  occurs  within  the  first  and 
last  two  or  three  miles  of  a  Kne  than  in  twenty  or  thirty  miles 
beyond.  Taking'the  system  round  about  London,  the  insulation  of 
the  wires  deteriorates  more  after  coming  to  a  point  about  five  miles 
from  London  than  it  does  over  long  distances  in  the  open  country. 
Smoke  clings  to  the  insulators,  and  fogs,  especially  in  the  neigh- 
bourhood of  the  Metropolis,  bring  down  the  average  insulation  of  all 
the  wires  to  a  great  extent.  If  underground  work  were  substituted 
in  place  of  open  wires  over  these  sections  the  average  insulation 
would  be  improved.  I  do  not  argue  that  an  underground  can  ever 
supplant  an  open  system;  but  it  may  prove  a  powerful  adjunct  to 
the  latter.  Between  large  centres  of  business  underground  wires 
would  probably  in  time  pay  their  cost,  if  acting  as  nothing  but  as 
alternative  routes  :  the  improvement  in  working  and  cost  of  main- 
tenance warrant  open  work  being  replaced  by  them  in  the  neigh- 
bourhood of  and  through  the  large  manufacturing  towns.  On 
these  grounds  I  agree  with  Mr.  Fleetwood  that  the  extension  of 
the  underground  system  is  desirable. 

Mention  has  been  made  of  gutta-percha  wires  inclosed  in  lead 
tubing.  I  have  had  no  experience  of  this,  but  I  have  had  some 
experience  of  lead  tubing  in  underground  work.  Some  two  or  three 
years  ago  I  had  occasion  to  make  use  of  from  100  to  200  yards  of 
covered  wire  of  a  new  type,  which  was  introduced  and  submitted 
for  experiment.  It  consisted  of  copper  wire  covered  with  cotton. 
This  cotton-covered  wire  was  passed  into  a  lead  tube,  and  melted 
paraffin  poured  all  round  it  by  some  means  known  only  to  the 
inventor.  When  tested  it  gave  capital  results,  paraffin  being  such 
an  excellent  insulator,  whilst  the  lead,  chemically  pure,  was  supposed 
to  be  indestructable.  One  hundred  yards  of  this  line  was  laid  down 
on  a  circuit  fitted  with  direct  writers,  and  worked  with  an  ordinary 
copper  current.  After  being  at  work  three  months  the  circuit 
failed,  and  the  fault  was  found  to  be  in  this  section  of  experimental 
wire.  On  being  removed  the  lead  showed  signs  of  having  been 
attacked,  and  had  in  fact  been  eaten  through  in  one  or  two 
instances  by  galvanic  action,  due  to  some  impurity  of  the  metal, 
or  to  some  peculiarity  of  the  soil.  The  tubing  was  returned  to  the 
inventor,  and  I  never  heard  anything  more  about  it.     If  gutta- 
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^Bpercha  wire  encased  in  lead  tubing  were  employed  to  any  great 

^|«xtent  on  a  long  circuit  I  should  at  first  sight  bo  inclined  to  dread 

^H  the  effect  it  would  liave  In  tending  to  lower  the  carrying  power  of 

the   wire.     The  retarding  influence  already   felt   from   induction 

would  be   greatly  magnified,  for  now  a  veritable  Leydcn  jar  ia 

introduced  whose  inner  coating  is  tlie  conductor,  whose  dielectric  is 

^L  the  gutta-percha,  and  whose  outer  coating,  the  leaden  tube,  is  in 

^Bioonuection  with  the  eartli. 

^1      To  Mr.  Adams's  plan  I  listened  with  great  interest.     It  seems 

^KingeniouB,  but  tliere  are  one  or  two  practical  difBculties  which 

^Hfetruck  me.     The  first  part  is,  how  are  you  to  maintain  such  a 

^B'^stem  as  this?     Supposing  a  fault  occurs,  and  we  must  calcidate 

^M  apon  that  even  if  the  asphalte  ia  all  but  perfect,  is  tlie  wire  to  be 

^P  abandoned,  or  how  are  we  to  get  at  it?  and  again,  if  a  new  wire  is 

required  and  has  to  be  in  the  trough,  how  are  you  to  do  it  ?   Will  a 

new  trench  he  required,  or  in  what  manner  are  we  to  add  to  the 

existing  line  new  wires  as  they  are  required  ? 

L        Coal-tar  was  mentioned  iu  connection  with  gutta-percha,  and 

K    Mr.  Latimer  Clark  stated  that  under  pressure  he  treated  some  old 

wire  with  coal-tar. 

Mr.  Latimer  Glabe  :  Coal-tar  pitch. 

Mr.  SiVEWRiOHT :  All  tlie  experience  I  have  had  of  any  form 
of  mineral  tar,  or  any  of  the  products  of  mineral  tar,  is  that  the 
gutta-percha  deteriorates  when  brought  into  contact  with  it.  Creo- 
^^.aote  is  one  of  these  products,  and,  although  crcosoted  timber  ia 
^HBOw  largely  employed,  yet  it  is  invariably  found  that  where 
^Bgntta-percha  wires  are  brought  into  contact  with  creosoted  timber 
^Hb  deteriorating  effect  is  produced  upon  the  gutta-percha.  Conse- 
^Kquently  nil  terminal  poles  and  boxing  for  offices  are  plain  timber. 
^F  The  President  :  I  believe  Mr.  Latimer  Clark,  previous  to 
k  retiring  from  his  official  position  with  the  Electric  and  International 
Telegraph  Company,  laid  down  lines  of  underground  wires  from 
Liverpool  to  Leeds.  I  should  he  glad  to  know  whether  those  wires 
e  still  in  existence. 

.   Latimeu   Clark  :    I  know  they  do  not  exist.     I  should 

f  like  to  know  their  history. 

3  President  ;  Perhaps  some  gentleman  can  toll  us  something 

I  believe  they  were  very  good  wires,  ami.  -wesfe  n)^-i 
d2 
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laid.  Mr.  Latimer  Clark  has  referred  to  induction  in  gutta-percha 
covered  wires.  I  would  ask  whether  any  one  present  is  aware  of 
the  result  of  the  late  Mr.  Hearder's  experiments  at  Plymouth.  Mr. 
Hoarder  was  entirely  hlind ;  but  he  carried  out  electrical  experi- 
ments almost  equally  well  with  those  who  have  the  use  of  their 
eyes ;  and  he  was  much  mixed  up  with  the  experiments  on  the 
Atlantic  cable  as  it  lay  at  Devonport  after  the  first  unsuccessftd 
attempt  to  lay  it  in  the  Atlantic.  The  inconvenience  of  induction 
was  then  made  manifest  on  a  very  large  scale  for  the  first  time.  I 
have  by  me  specimens  of  Hearder's  wire,  in  which  he  hoped  to 
reduce  the  induction  by  increasing  the  distance  between  the  wire 
and  the  gutta-percha;  to  accomplish  this  the  wire  was  covered 
with  woollen  or  cotton  thread  of  various  thicknesses.  I  believe  the 
results  were  not  encouraging ;  but  I  am  not  aware  to  what  extent 
experiments  had  been  tried  with  it.  K  any  one  connected  with  the 
first  Atlantic  cable  is  present  he  might  be  able  to  tell  us  what  the 
issue  was.  Colonel  Stotherd,  who  has  had  great  experience  with 
torpedoes,  for  which  buried  wires  are  employed,  may  be  able  to 
give  us  some  information  on  this  subject. 

Colonel  Stotherd,  R.E.  :  I  am  afraid  there  is  little  that  I  can 
tell  you  on  the  subject  under  discussion,  but  I  may  refer  to  the  use 
made  of  underground  telegraph  lines  during  the  defence  of  Paris 
against  the  German  Army  in  1871.  There  are  a  number  of  de- 
tached forts  round  Paris,  at  distances  of  fi'om  1^  to  3  miles  from 
the  enceinte,  and  forming  an  advanced  line  of  defence.  With  these, 
telegraphic  communication  had  been  established  previous  to  the 
investment.  From  head-quarters  within  the  city,  as  a  centre, 
lines  of  electric  telegraph  were  carried  to  certain  points  on  the 
enceinte,  and  to  each  of  the  detached  forts.  Each  of  the  detached 
forts  had  also  a  line  connecting  it  witli  its  neighbours,  thus  forming 
a  complete  line  round  the  city,  outside  the  continuous  line  of  works, 
but  connected  with  the  central  station.  Each  telegraphic  line  was 
double,  and  consisted  of  an  ordinary  air-line  carried  on  poles  and 
an  insulated  cable  buried  beneath  the  ground.  This  double  line  of 
communication  was  intended  to  secure,  as  far  as  possible,  certainty 
of  signalling  at  all  times.  If  the  air-line  was  intercepted,  the 
buried  line  might  still  remain  efficient,  and  if  both  were  destroyed 
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loro  was  still  an  alternative,  thougli  oircuitoiis,  line  tlirough  the 
oommunications  to  the  right  or  lefl  of  each  outlying  fort. 

The  air-lines  were  very  soon  destroyed  by  shells,  but  tlie  buried 
lines  were  seldom  interrupted,  and  worked  well  during  tlie  siege. 
I  do  not  know  what  precise  form  of  electric  cable  was  used,  but 
one  that  I  saw  subsequently  at  Paris  was  similar  to  that  made  at 
ifiilvcrtown — Gray's  core,  covered  with  tape.  There  was  no  special 
eare  employed  in  laying  this — in  fact,  everything  was  very  rough  ; 
it  was  simply  buried,  without  troughing,  sufficiently  deep  below 
the  surface  to  secure  it  from  the  explosions  of  flheila. 

As  applied  to  torpedo  work,  I  do  not  think  there  is  much  I 
can  tell  you  which  would  throw  light  on  the  subject.  Some 
curious  results  were  Iiowever  obtained  in  the  course  of  a  series  of 
experiments  on  the  firing  of  fuzes  through  half-mile  lengths  of 
electric  cable  laid  aide  by  side  on  the  ground  at  Chatham  in  1870. 
These  were  at  first  attributed  to  induction,  but  subsequent  trials, 
under  different  conditions,  gave  probably  more  reliable  information. 
This  formed  the  subject  of  a  paper  forwarded  to  the  Secretary,  and 
whicli  will  no  doubt  appear  in  due  course  in  our  Journal." 

Mr.  G.  E,  Preece  :  The  principal  object  of  tlie  paper  which 
was  read  some  meetings  ago  was  to  explain  the  present  London 
system  of  telegraphs ;  and  tliat  becomes  a  question  which  is  now 
more  than  ever  impressed  upon  our  minds,  especially  on  account 
of  the  lata  snow-storms.  It  is  now,  within  a  few  days,  ten  years  ago 
when  London  was  completely  cut  off  from  the  rest  of  the  world. 
I  remember  it  very  well  indeed,  and  had  good  cause  to  do  so. 
In  January,  1866,  the  whole  of  our  lines  throughout  the  country 
were  broken  down.  Communication  to  Edinburgh,  Glasgow,  and 
otJier  places  was  carried  on  by  the  first  line  available ;  that  was 
the  eouthern  line.  We  worked  to  the  north  by  our  wire  to  Glou- 
eester  and  Birmingham.  So,  again,  in  the  case  of  the  break- 
down of  tlie  last  two  or  three  days,  we  have  been  working  from 
London  to  Edinburgh,  Liverpool,  &c.  round  by  the  west  of 
England.  We  might  as  well  work  from  Brest  or  Halifax.  Tin's 
points  to  the  fact  that,  on  the  occurrence  of  snow'storms  or  heavy 
gales  of  wiiid,  the  telegraph  communication  of  the  country  is 
liable  to  serious  interruption.      It   should   not   bo   a  oLucation  o? 


38  UNDERGROUND  TELEGRAPHS.  [26th  Jan. 

finance,  or  commercial  business,  but  it  is  a  question  of  the  pros- 
periiy  of  the  country.  You  require  absolute  certainty  that  the 
telegraphic  communication  shall  be  maintained  unimpaired.  I  speak 
more  as  one  who  has  had  to  do  with  main  trunk  lines  which  are 
secure  from  the  eventualities  of  snow  and  wind.  With  regard  to 
the  Post-ofBce  telegraph  service,  we  are  gradually  coming  towards 
that  point.  Some  years  ago  all  our  lines  came  overground  by  the 
railways  to  the  London  stations — to  Euston,  Waterloo,  Shoreditch, 
&c.  Now  we  are  gradually  extending  the  main  trunk  lines 
underground  from  the  General  Post-office  to  points  outside  the 
course  of  the  London  traffic.  There  was  a  diagram  here  on  a 
former  occasion  which  showed  thai  On  the  eastern  side  we  now  go 
to  Stratford.  Since  that  diagram  was  made  we  have  carried  out  a 
new  system  of  underground  work  as  far  as  Stratford  for  the 
Eastern  traffic;  and  in  connection  with  the  German  submarine 
cables  we  have,  I  think,  twelve  wires  across  the  North  Sea.  The 
same  system  has  been  extended  to  the  South  Eastern  Eailway  in 
respect  of  the  continental  traffic ;  as  regards  the  London  and  North 
Western  Railway  we  have  four  or  five  miles  to  Kilbum ;  while  to 
Hounslow  we  have  the  main  postal  route  which  was  laid  down 
about  two  years  ago.  In  all  directions  the  tendency  is  now  to  clear 
a^ay  from  the  streets  of  London  all  the  over-house  work  and  put 
our  wires  safely  and  quietly  underground— thus  giving  better  insu- 
lation, greater  faciliiy  of  working,  and  greater  freedom  from  accident. 

Mr.  Latimer  Clark  made  reference  to  the  old  electric  telegraph 
wires  which  were  laid  in  1853.  The  Electric  Telegraph  Company 
laid  a  series  of  eight  wires  down  the  London  and  North  Western  line 
to  Manchester  and  Liverpool.  [Mr.  Latimer  Clark  :  And  Leeds.] 
These  wires  were  laid  along  the  railway.  They  were  No.  16  copper 
wire  covered  with  gutta-percha  to  No.  4  gauge,  taped  and  tarred. 

Mr.  Latimer  Clark  :  What  was  the  state  of  the  wires  when 
taken  up — the  better  part  ? 

Mr.  Preeob  :  There  was  no  better  part,  it  was  all  equally  bad. 

Mr.  Latimer  Clark  :  I  know  the  cause  of  failure  when  they  got 
to  Watford.     It  might  be  interesting  to  the  meeting  to  hear  it. 

Mr.  Preece  :  I  think  there  is  a  little  bit  left  in  the  Rugby  yard. 
It  was  entirely  from  exposure  to  the  sun  and  bad  workmanship. 

Mr.  Latimer  Clark  :  Was  the  wire  itself  good  when  taken  up  ? 
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^B  Mr.  Preece  :  We  know  that  wires  badly  treated  before  they  ai-c 
^Bput  down  must  inyai'iabiy  be  bad  when  taken  up.  Gutta-porcha 
^Ffrill  not  stand  open-air  work  under  any  conditions.  Subsequently 
to  theae  wires  being  laid,  in  1854,  a  very  interesting  work  was 
carried  out  with  gutta-percha  wires  in  asphalto,  under  Mr.  Latimer 
Clark,  neai-  Manchester.  The  wires  were  led  tlu'ough  an  insulator, 
nad  tdie  troughing  was  filled  with  aaphalte;  the  troughing  was 
supported  on  posts  in  the  open  air,  but  through  the  action  of  Uie 
sun  the  wires  failed.  That  was  one  of  the  earliest  attempts  I  know 
of  the  application  of  aaphalte  for  the  insulation  of  wires.  About 
the  same  time  Mr.  Newman,  of  the  North  Western  Railway,  applied 
asphalto  and  tar  to  the  wires  leading  tlu'ough  the  Lime  Street 
tunnel  at  Liverpool,  and  those  wires  are  still  good. 

The  next  question  is  with  regard  to  old  buried  wire.     I  have 

^aeea  some  of  the  old  cable  that  came  from  Dover  which  was  laid 
down  in  1850  in  connection  with  the  first  cable,  but  my  knowledge 
previous  to  that  is  not  very  great- 
Mr.  Spaonoletti  referred  to  the  enormous  convenience  which  the 
Metropolitan  Railway  and  its  stations  afford  for  carrying  the  under- 

t  ground  wires  of  the  Post-ofl3ce  right  throughout  London.  Wo  have, 
I  believe,  on  the  Metropolitan  Railway  some  few  miles  of  wire,  but 
it  has  never  been  found  desirable  to  increase  the  amount.  The  old 
Electric  Telegraph  Company,  when  I  first  remember  it,  went  in  for 
good  solid  wire.  They  used  it  at  that  time  down  Pentonville  Hill, 
and  it  was  laid  down  as  fai-  back  as  1851-2.  That  was  No.  4 
gauge  and  16  gauge  copper.  At  present  wo  ai'o  using  the  smaller 
wire  called  No.  7.  Tlie  old  wire  when  taken  up  was  found  to  be 
perfectly  good.  Tlie  No.  7  is  very  small  and  very  Hable  to  injury, 
and  its  durability  uncertain. 

With  regard  to  tlie  extension  of  the  underground  system,  inas- 

h  as  we  require  great  conducting  power  it  is  undesirablo  to  uao 

1  very  small  wire  aa  that,  and  I  hope  now  we  shall  he  able  to 

I  a  larger   size.      There   waa   another  point  mentioned,   viz., 

inconvenience  of  baker's  ovens  in  the  London  street  work. 

,  there  is  no  person  who   has  to  do  with  street  work  who 

J  not  look  out  for  the  bakers'  shops   in   this   survey,  and  he 

i  just  where  not  to  take  liis  wires.     In  London  we  make  «, 

Tgfiere  we  come  to  bakerft'  o:i?oa.  '^a 
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last  point  I  will  refer  to  is  with  reference  to  the  use  of  asphalte,  tar, 
bitumen,  mineral  products,  &c.  Now,  I  believe  coal-tar  is  about 
the  very  worst  thing  that  can  possibly  come  in  contact  with  gutta- 
percha. If  you  dip  a  bundle  of  gutta-percha  wires  into  coal-tar 
the  insulation  will  go  down  fifty  per  cent  very  soon ;  if  you  leave  it 
permanently  in  contact  with  coal-tar  the  insulation  will  go  off 
entirely  in  the  course  of  time.  I  have  tried  many  experiments 
myself  and  have  seen  others  carried  out,  and,  though  coal-tar  is  a 
preservative  with  regard  to  ironwork,  yet  with  regard  to  gutta- 
percha it  is  quite  the  reverse.  Stockholm  tar  is  preservative,  but 
it  reduces  the  insulation,  although  it  preserves  the  gutta-percha 
longer  than  would  be  the  case  without  water ;  but  coal-tar  is  about 
the  very  worst  thing  you  can  possibly  apply. 

Mr.  Adams:  I  beg  permission  to  reply  to  one  or  two  points  that 
have  been  raised.  Any  fault  in  one  asphalte  line  would  probably 
affect  the  whole.  If  you  lay  down  an  asphalte  line  there  should  be 
a  sufficient  number  of  wires  to  remove  the  necessity  for  additions, 
and  I  believe  if  we  had  even  twenty  such  wires  running  through 
the  country  to-day  the  system  would  be  practically  worth  twice  its 
present  value.  I  would  use  asphalte  alone,  and  no  pitch  or  tar;  If 
pitch  is  used  it  should  only  be  as  a  covering  over  the  asphalte ;  the 
hot  pitch  would  flow  into  the  pores  of  the  concrete.  No  doubt  the 
best  kind  of  asphalte  should  be  used  for  this  work,  but  my  own 
experiments  upon  various  asphaltes  are  as  yet  incomplete. 

Mr.  Latimer  Clark  :  I  hope  I  shall  not  be  understood  as 
recommending  the  use  of  coal-tar.     I  know  it  is  fatal. 

Mr.  Fleetwood,  in  replying  to  the  discussion,  said  :  When 
the  paper  was  read  Mr.  Varley  referred  to  the  practice  of  cutting 
and  pricking  wires,  stating  that  when  he  was  Engineer  to  the 
Electric  and  International  Telegraph  Company  the  men  were  for- 
bidden to  do  it  under  pain  of  dismissal.  Although  this  order  may 
have  been  issued  the  bad  habit  has  continued  till  a  short  time  ago. 

The  small  galvanometer  used  for  finding  wires  was  placed  on  the 
table  when  the  subject  was  last  before  the  Society.  It  is  that 
generally  used  by  the  General  Post-office  for  testing  with  Wheat- 
stone's  bridge.  Mr.  Varley,  alluding  to  it,  said  he  brought  out  a 
small  instrument  called  "the  wire-finder  "  in  1853,  by  which  it 
was  easy  to  distinguish  any  wire  that  had  not  been  marked.   I  statod 
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that  I  hatl  endeavoured  to  use  it,  but  found  it  a  very  difficult  task. 
Owing  to  the  needle  being  hung  on  a  fibre  of  silk,  any  wire  passed 
into  it  through  which  a  current  was  circulating  made  the  needle 
move  readily.  On  the  table  will  be  seen  a  needle,  under  a  glass 
case.  I  liave  found  by  using  a  quantity  current  it  ia  a  very  easy 
matter  to  find  any  particular  ■wire,  and  it  is  suitable  to  put  into  tlio 
hands  of  our  street  men.  During  the  last  fortnight  two  wires  had 
to  be  found  in  Fleet  Street  out  of  a  bundle  of  one  hundred,  and 
then  they  were  picked  out  in  a  very  few  minutes. 

As  regards  india-rubber  for  underground  work,  I  do  not  know 
of  any  at  tlie  present  time  in  the  London  street  work.  As  regards 
wires  in  Stockholm  tar,  a  system  of  24  wires  was  abandoned  some 
time  back  at  Camden  :  the  wires  were  in  a  pipo  filled  with  Stock- 
holm tar,  and  in  consequence  of  their  failing  a  line  of  pipes  had  to 
be  laid  up  Eversholt  Street  to  the  north  end  of  Primrose  Hill  tminel. 

I  mentioned  in  the  paper  tliat  in  my  opinion  the  wires  were  fre- 
quently damaged  by  lightning.  I  have  had  several  eases  wliich 
have  led  me  to  form  this  opinion :  the  wires  generally  damaged  are 
thoae  on  which  tiie  duplex  circuita  are  worked,  aud  I  have  thought 
it  may  be  owing  to  the  extra  resistance  at  each  end  of  the  line ;  in 
most  cases  the  fault  has  boon  at  a  joint  where  the  wire  has  been 
badly  centred. 

In  refisrence  to  the  objections  to  underground  works,  I  do  not 
know  of  any  myself  that  may  not  be  overcome.  The  chief  ia  that 
of  induction,  but  there  ia  no  doubt  that  if  we  had  a  good  hne  of 
tmdergrouiid  wires  from  London  to  Manchester  we  should  be  able 
to  solve  the  problem.  It  is  to  bo  regretted  that  the  results  of  work 
done  by  inexperienced  persons  many  years  ago  should  be  taken  as 
a  proof  tliat  underground  wires  ai'c  not  suitable  for  long  circuits 
and  rapid  working.  The  Underground  Hallway  is  not  suitable  for 
the  system  of  wires  passing  through  London.  There  are  so  many 
private  renters  whose  places  of  business  are  in  the  busy  thorough- 
fares that  it  is  absolutely  necessary  our  pipes  should  pass  through 
the  chief  streets.  I  trust  the  time  will  soon  arrive  wheu  wires  over- 
1  will  be  a  thing  of  the  past,  at  least  iu  the  Metropolis. 

A  vols  of  thanks  to  Mr.  Fleetwood  having  been  unanimously 
Bearriod,  on  the  motion  of  the  President,  the  Meeting  adjourned. 
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The  Forty-third  Ordinary  General  Meeting  was  held  on  Wednes- 
day, the  9th  February,  1876,  Mr.  0.  V.  Walker,  F.R.S., 
President,  in  the  Chair. 


The  President  said :  The  author  of  the  paper  which  is  to  be 
read  this  evening  being  abroad,  the  Secretary  will  read  it,  omitting 
certain  pages  of  mathematical  formulae  which  it  would  be  scarcely 
convenient  to  read,  or  which  would  be  unintelligible  to  the  minds 
of  those  who  heard  them.  With  the  exception  of  these  the  Secre- 
tary will  read  Dr.  Siemens's  paper. 

CONTRIBUTIONS  TO  THE  THEORY  OF  SUBMERGING 
AND  TESTING  SUBMARINE  TELEGRAPHS. 

By  Dr.  Werner  Siemens. 

The  starting  point  of  submarine  telegraphy  is  to  be  found  in  the 
subterranean  lines  constructed  in  Prussia  during  the  years  1847 — 
1852.  Before  that  time,  it  is  true,  attempts  had  been  made  to 
insulate  wires  with  glass  tubes,  caoutchouc,  &c.,  for  use  as  under- 
ground lines.  Experiments  on  a  somewhat  extensive  scale  by 
Jacoby*  at  St.  Petersburg  in  the  year  1842  deserve  mention ;  but 
these  attempts  failed. 

In  the  year  1846  the  author  suggested  to  the  Prussian  Govern- 
ment the  use  of  gutta-percha  as  insulating  material,  this  gum 
having  then  recently  become  known  in  Europe.  Its  remarkable 
plasticity  and  insulating  property  appeared  to  render  it  very  suit- 
able to  the  purpose  in  question,  but  neither  the  experiments  made 
at  Berlin  nor  those  carried  out  simultaneously  in  England  were 
attended  with  satisfactory  results ;  for  the  joints  of  the  gutta-percha 

*  Pogg,  Annalen,  vol,  xxviii.  p.  409. 
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(whieh  was  rolled  round  the  wire)  gave  way  a&ev  a  short  time. 
At  last  in  the  year  1847  the  prohlem  found  its  solution  in  a  cover- 
ing machine  constructed  and  used  by  the  author  and  Mr.  Halske, 
by  means  of  whieh  the  gutta-percha,  rendered  plastic  by  heat,  ia 
pressed  roimd  the  wire  without  any  seaming,  • 

During  the  subsequent  years  an  extensive  network  of  under- 
ground lines,  insulated  with  gutta-percha  pressed  round  tlie  con- 
ducting wires,  was  somewhat  too  hastily  and  inconsiderately  in- 
troduced in  H'orth  Germany  and  Russia ;  although  those  lines  were 
far  from  durable  (particularly  because  the  conduduig  wires,  to 
save  expense,  were  imbedded  in  the  ground  witliout  external  pro- 
tection, and  at  too  small  a  depth)  they  afforded  ('[■[lortunity  of 
gaining  practical  knowledge  for  the  construction  and  maintenance 
of  such  insulated  conductors  and  of  studying  their  physical  pro- 
perties. But  it  was  reserved  for  English  enterprise  to  convert  the 
knowledge  and  experience  thus  gained  to  practical  account  in  a 
sphere  where  there  was  no  competition  with  cheaper  overground 
lines,  that  is  to  say,  to  submarine  telegraphy. 

As  early  as  1850  Mr.  Brett  laid  a  single  gutta-percha-oovered 
copper-wire  across  the  Channel  between  Dover  and  Calais.  As 
might  be  expected,  this  became  useless:  but  in  1851  Mr.  Brett 
substituted  a  conducting  wire  msulated  with  gutta-pereha  and  pro- 
tected externally  by  a  sheathing  of  iron  wires.  This  was  the  first 
practicable  submarine  cable. 

No  great  difficulties  were  encountered  in  laying  these  cables  in 
the  comparatively  shallow  waters  of  the  Channel.  But  when  later 
Mr.  Brett  endeavoured  to  lay  such  cables  in  seas  of  greater  depth, 
he  failed,  because  the  forces  brought  into  play  in  laying  deep-sea 
cables  were  not  yet  recognised,  and  consequently  the  necessary 
precautions  had  not  been  taken.  The  laying  of  the  first  auocessftd 
deep-sea  cable  between  Cagliari  and  Bona,  in  the  year  1857,  in 
which  the  author  had  been  requested  to  tako  part,  led  him  to  in- 
veBtigate  the  mechanical  principles  of  cable-laying. 

As  ia  the  practice  in  England,  the  cable  is  stored  in  water-tanks 
on  boai'd  the  cable-ship,  where  it  is  coiled  m  a  continuous  spiral, 
and  whence  it  is  uncoiled,  witliout  kinking  or  being  otlierwise 
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impeded,  over  a  pulley  fixed  above  the  middle  of  the  tank.  If  we 
suppose  the  vessel  to  progress  continuously  with  uniform  speed  in 
a  straight  line,  letting  the  cable  drop  from  her  stem — the  great 
length  of  the  suspended  cable  admitting  of  our  regarding  it  as 
perfectly  flexible — every  part  of  the  cable  will  sink  to  the  bottom 
of  the  sea  with  equal  and  constant  velociiy.  Therefore,  the  distance 
of  any  part  of  the  sinking  cable  from  the  surface  of  the  water  must 
be  in  proportion  to  the  time  that  elapses  from  its  leaving  the  ship. 
If  the  speed  of  the  ship  be  constant,  this  time  will  be  proportional 
to  the  horizontal  distance  of  the  ship,  and  the  cable  must  form  a 
straight  line  to  the  bottom  of  the  sea.  This  straight  line  descends 
parallel  to  itself.  Let  every  part  of  the  suspended  cable  descend 
to  the  bottom  by  its  weight  in  water,  with  the  velociiy  v,  the  speed 
of  the  ship  beitig  c,  then  the  angle  a  between  the  cable-line  and 
the  horizon  is  determined  by  the  equation 

(1)  tan  a=-, 

If  we  assume  that  for  a  portion  of  the  cable  descending  in  the 
water  parallel  to  itself  the  distance  is  proportional  to  the  force 
w^  the  weight  of  the  unit  of  cable  in  water  may  be  resolved  into 
two  components,  one  of  which,  w  cos  a,  draws  the  cable  towards 
the  bottom  in  a  direction  at  right  angles  to  the  cable-line,  whilst 
the  other,  w  sin  a,  draws  the  cable  in  the  direction  of  its  axis  and 
down  the  incline  formed  by  the  water,  by  which  it  is  supported. 
The  total  action  of  the  latter  two  forces  \s>  w  I  sin  a,  I  being  the 
length  of  the  suspended  cable ;  or,  as  Z  sin  a  =  A,  the  depth  of  the 
water,  the  total  strain,  P=Wi,  is  equal  to  the  weight  of  the 
portion  of  cable  hanging  from  the  stationary  ship  vertically  to  the 
bottom. 

If  the  cable  is  not  retained  in  the  ship  by  friction,  the  strain  P 
is  met  only  by  the  friction  opposed  by  the  water  to  the  sliding  of 
the  cable  in  the  direction  of  its  axis.  The  amount  of  this  friction 
depends  upon  the  condition  of  the  surface  and  upon  the  diameter 
of  the  cable.  In  heavy  cables  sheathed  with  iron,  this  amount, 
compared  with  the  specific  gravity  of  the  cable,  is  so  small,  that  the 
much  greater  portion  of  the  strain  P,  or  wh^  has  to  be  counter- 
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balanced  by  friction  on  board  tlie  ship,  else  the  cable  would  descend 
too  quickly  and  mucL  of  it  be  wasted, 

In  order  to  determine  the  necessary  amount  of  this  frictional 
leaistance  to  be  established  on  board  the  ship  at  any  moment,  it  is 
.■necesaary  to  know  the  depth  of  the  aea  at  any  spot  where  the  cable 
IB  to  pass,  and  to  have  a  dynamometer  indicating  continuously  the 
amount  of  strain  with  which  the  cable  leaves  the  ship.     Fnrtlier, 
-AB  the  horizontal  component  of  this  strain  checks  the  progi-css  of 
the  voBsel,  it  is  necessary  to  move  the  ship  with  a  force  sufficient  to 
overcome  this  resistance  and  to  give  the  required  speed.     There- 
fore, when  the  cable-ship  had  been   provided  with   a   brake   of 
sufficient  power  and  with  a  dynamometer  which  the  author  had  con- 
structed similar  to  a  chain -balance,  and  when  the  cable-vessel  (her 
engines  being  too  small  to  overcome  the  sti'ain  of  the  heavy  cable) 
liad  been  taken  in  tow  by  another  and  stronger  steamer,  then  the 
cable  was  succesafiilly  paid  out  between  tlie  previously  mentioned 

'  Messrs.  Longridge  and  Brooksf  afterwards  made  extensive  re- 

I       eearches  into  the  theory  of  cable-laying.     The  mathematical  part  of 
^t    their  treatise  is  not  to  be  disputed,  and  gives  an  accurate  descrip- 
^1   tioa  of  tbo   curve  formed   by  a  cable  suspended   in  an  oblique 
■   direction  in  water,  if  paid  out  with  strain  upon  the  sea-bed.     But 
the  physical  part  of  the  work,  and  the  practical  consequences  drawn 
from  it,  are  open  to  grave  objections,  as  one  of  the  first  principles 
taken  for  granted,  which  materially  influences  the  results,  is  in- 
eorrect     Further,  the  work  is  deficient  as  regards  a  clear  percep- 
tion of  the  principal  factors  and  a  lucid  exposition  of  the  results. 

Ihe  forces  acting  on  the  falling  cable  are  gravity  and  the 
opposing  forces  of  friction.  Of  the  latter  there  is  first  the  sliding 
friction,  which  acta  in  the  direction  of  the  cable,  preventing  its 
sliding  down  the  inclined  cable  line,  and  secondly  the  friction 
combined  with  displacement  of  water  acting  in  a  direction  per- 

•  The  meditationa  about  the  laying  of  cables,  exposed  aboTe,  represent  the  unUior's 
rjews  on  the  subject  at  that  time, 
t  Loneriilgc  and  Brooks  On  Submerging  Telegraphic  Cahh».   (Proc.  Inst.  Civil 
'  Eng.  vol.  ^rii.  18b8.)    This  paper  is  reprinted  farther  on  in  thiB  part  of  the  Journul, 
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pendicular  to  the  cable-line.  The  latter  force  is  proportional  to 
the  square  of  the  velocity ;  the  former  proportional  to  the  velocity 
itself.  Longridge  and  Brooks  supposed  both  forces  to  be  pro- 
portional to  the  square  of  the  velocity;  they  obtain  therefore 
incorrect  results,  especially  in  determining  the  strength  of  the 
brake  to  be  applied  on  board  the  ship.     In  stating  the  equation 

tan  a  =  -,  the  author  also  assumed  the  velociiy  of  descent  at  right 
c 

angles  to  the  cable-line  to  be  proportional  to  the  force,  but  it  will 
be  shown  later  that  this  is  almost  exactly  the  case  in  those  values 
of  the  angle  a  that  generally  occur  in  cable-laying.  The  author's 
supposition,  that  the  cable  forms  a  straight  line  if  the  speed  of  the 
vessel  be  uniform,  does  not  depend  upon  the  action  of  the  frictional 
forces.  The  cable  always  forms  a  straight  line  of  such  inclination 
that  of  the  two  components  of  gravity  the  one  acting  in  the  direc- 
tion of  the  cable  is  counterbalanced  by  the  sliding  friction  and  the 
brake  on  board  the  ship ;  the  other,  acting  at  right  angles  to  the 
direction  of  the  cable,  is  counterbalanced  by  the  friction  combined 
with  displacement  of  water.  This  gives  equiUbrium  of  motion,  and 
therefore  the  motion  is  uniform. 
In  the  following : — 

let  a  be  the  angle  between  the  horizon  and  the  direction  of 

the  cable ; 
„  <^  be  the  angle  between  the  direction  of  the  cable  and 
the  direction  in  which  every  portion  of  the  cable 
actually  descends ; 
„  c  be  speed  of  vessel; 
„  t^  be  constant  velocity  with  which  the  cable  descends 

vertically  through  the  water ; 
„  V  be  velocity  of  fall  when  the  cable-line  is  horizontal ; 
yy  whe  weight  of  unit  of  cable  in  water ; 
„  h  be  depth  of  the  sea ; 
„  I  be  length  of  the  cable  suspended  in  a  straight  line  in 

water; 
„  p  be  frictional-force  or  brake-force  by  which  the  cable  is 
retained  on  board  the  ship ; 
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let  s  be  slack,  ratio  of  surplus  of  cable  paid  out  to  the  pro- 
gross  of  the  ship. 

A  A' 


Fig.  :i. 

Let  A'  B'  be  the  position  of  the  cable ;  A  B  its  position  after  the 
unit  of  time ;  and  let  the  point  D  of  the  cable  proceed  to  H  in  the 
unit  of  time ;  let  the  motion  D  H  be  resolved  into  the  two  motions 
D  E  and  D  F  and  the  value  of  D  E  be  equal  a  and  D  F  =  6. 
Then  in  both  directions  all  forces  must  balance  each  other  to  have 
the  actual  velocity  unvaried.  Let  the  co-eflBcicDt  of  the  sliding 
firiction  be,  for  the  present,  r ;  that  of  the  other  friction  q.  Then 
equilibrium  of  the  forces  acting  in  both  directions  D  E  and  D  F 
occurs,  if 

(a)  Lw.  sin  a  —  r.  Z.  a  —  J9  =  0 

(6)  L  w.  cos  a  —  q.LP        =  0. 

Suppose  the  cable  to  be  paid  out  without  slack,  the  point  D 
would  arrive  at  0,  the  point  H  at  K,  making  thereby  B  0  =  B  D 

and  angle  G  D  K  =  |.     Therefore  is  <  G-  D  F  bisected  by  D  K. 

If  actually  the  point  D  has  moved  to  H  instead  of  K,  then  H  K 
represents  the  surplus  of  cable  paid  out  in  the  unit  of  time,  and 

therefore is  the  value  of  s.     Thus  we  have  the  following 

c 

equations : — 

A  =  Z  sin  a 

6  =  c  sin  a 
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c  c' 

The  coeflBcients  r  and  q  must  be  replaced  by  the  above-men- 
lioned  velocities  u  and  v.  If  the  cable  descends  vertically  we 
have — 

ur  -^  w  =  Uj  u  =^  -, 

T 


If  it  descends  horizontally^  we  hav< 

't?q  —w  —  Oj  V  =  a/  -   ; 

M,  V,  and  t£?  being  constants  of  the  cable,  determined  before  the 
cable  is  laid.  These  are  also  the  only  three  cable-constants  that 
need  be  known  for  the  present  purpose. 

Equation  (6),  combined  with  the  other  formulsB,  gives — 


-y2  /  ^4 


therefore 

(2)  ^  = .  =  tan  a.  \/cos  a  . 

c         \/cos  a 

This  equation  is  strictly  true.  But  in  practical  cable-laying  the 
actual  value  of  a  generally  is  very  small,  and  in  this  case  equation 
(1)  gives  suflBciently  exact  results,  as  for  small  values  of  a  we  have 
\/cos  a  nearly  =  1. 

We  will  first  explain  the  consequences  of  (a)  and  (6)  as  they  are 

determined  by  the  exact  value  of  -  ;  and  afterwards  we  shall   be 
able  to  obtain  simpler  formulae  by  inserting  instead  of  -  =   tan  a 


c 


\/cos  a  for  small  values  of  a,  the  approximate  valu©  -  =  tan  a. 

We  have  first  the  brake-force  with  any  required  amount  of  slack, 
determined  by 

(3)      p=i  wh wh    I  tan  -  +  —, ) 

u  \         2        sm  a  / 
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and  it  8  =  Oy  the  brake-power  P  without  slack. 

Y  ^  wh wh  tan  — . 

u  2 

• 

The  "first  term  wh  of  equation  (3)  is  generally  far  more  consider- 
able than  the  rest,  therefore  the  brake-force  is  essentially  equal  to 
the  weight  of  the  cable  if  the  latter  is  supposed  to  hang  vertically 
from  the  ship  to  the  bottom.  This  value  is  also  the  maximum 
value  of  the  brake-force,  which  is  obtained  approximately  when 
the  speed  of  the  vessel  is  very  great  and  the  cable  is  paid  out  with- 
out slack. 

From  this  maximum  value  two  terms  are  to  be  subtracted,  which 
we  shall  denote  by  Y  and  S,  where 

P'  =  ^-wh  tan  ^  S  =  -  t£?A   T— 


u  2  u        sin  a 

The  signification  of  these  terms  is  very  simple.      It  is  P'  =  r  Z  d. 
S^=  rldQy  which  is  evident  from  (a)  and  (3). 

d  is  the  distance  which  the  cable  slides  through  in  the  direction 
A  B  if  laid  without  slack ;  ^2  ^^  ^®  additional  sliding  caused  by 
slack.  P'  is  therefore  amount  of  sliding  friction  in  the  first  case, 
S  the  additional  amount  in  tiie  second  case.  As  P  =  i^A  —  P  the 
term  F  shows  also  how  fiir  in  laying  without  slack  the  weight  wh 
of  the  cable  exceeds  the  amount  of  brake-force.  It  will  be  seen  that 
R  is  almost  entirely  independent  of  the  speed  of  the  vessel,  except 
it  be  very  small,  and  that  P'  is  also  proportional  to  the  depth  h, 

S  is  in  proportion  to  the  depths  and,  if  the  speed  is  not  very  small, 
in  proportion  to  the  square  of  the  speed. 

In  order  to  demonstrate  how  far  P'  and  S  depend  on  the  other 
factors,  especially  on  the  speed.  Dr.  Froelich,  to  whom  the  author 
is  indebted  for  the  part  he  has  kindly  taken  in  these  calculations, 
has  given  in  the  following  table  the  values  of  P,  P',  and  S  as  they 
follow  from  the  usual  amounts  of  c.  The  depth  taken  is  2,000 
fathoms,  s  =  10%,  these  numbers  referring  to  the  Atlantic  cable 
described  by  Longridge  and  Brooks,  which  has  for  constants 

w  =  0-3208  lbs. 

M=  24-2011    ^   ,,,:,,.  ,,  J 

—    Q.nft9  I  (HiUghsh)  per  second. 

VOL.  V.  E 
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Table  I. 


0 

2f 

4' 

6' 

8' 

lO' 

12' 

16' 

p  = 

36171 

3607-1 

3605-0 

3604-7 

3604-8 

3604-8 

3604-4 

F  = 

232-5 

242-5 

244-6 

244-8 

244-8 

244-8 

246-2 

S    = 

34-2 

95-6 

198-4 

342-9 

529-0 

756-4 

1173-3 

wh  = 

3849-6 

The  second  table  shows  the  considerable  variations  of  brake-force 
with  a  definite  slack,  the  latter  being  taken  =  10%,  and  the  depths 
those  of  the  Atlantic. 

Table  IL 


d=  2' 

4' 

6' 

8' 

10' 

12' 

15' 

wh- 

A=    SOOfaths. 

p=    899-7 

877-9 

851-7 

816-6 

769-0 

695-9 

607-8 

962-4 

— 1-000     „ 

=  1799-3 

1755-8 

1703-3 

1630-9 

1537-9 

1391-7 

1215-5 

1924-8 

—  2-000     „ 

=  3598-6 

3511-6 

3406-6 

3261-8 

3075-8 

2783-4 

2431-0 

3849-6 

=  3000     „ 

=  5397-9 

5267-4 

5109-9  ;  4892-7 

4613-7 

4175-1 

3646-6 

6774-4 

The  angle  <^,  which  defines  the  direction  of  the  actual  motion  of 
cable,  is  expressed  by  the  equation — 

c 

(4)  tani^^-^=  <L'^.  y7henp'=wh--p; 

^  ~'P        u  p 

wh 
and  finally  a  is  defined  by 

(5)  fi  =  -^  -  sina  — 2sin*  ^> 
^  ^  whc  2' 

or  «  =  sin  a  cot  <^  —  2  sin^  ^. 

To  facilitate  comparison  we  now  give  the  formulaB  which,  inste^-^ 
of  (2) — (5),  are  the  results  of  the  exposition  hy  Longridge  andBroo^y 
describing  them  with  our  notation. 

Formula  (2)  is  the  same,  but  we  obtain  instead 

of  (3)  p  =  wh  —  wh  -a- : , 

„    (4)  tan^=-^__  =  -^  -.sma, 

wh 
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°^(^>*=-c\/5;-«-2-^:- 


wh 

The  difference  between  these  formulaB  and  ours  arises  from  the 
supposition  that  the  force  of  sliding  friction  obeys  the  law  of 
squares.  This  gives  too  high  value  for  p^  if,  the  speed  of  the 
vessel  and  the  depth  being  known  factors,  the  cable  is  t6  be  laid 
with  a  definite  amount  of  slack ;  and  on  the  other  hand  this  con- 
sideration will  give  too  high  value  for  «,  if  depth,  speed,  and  brake- 
force  be  given  factors. 

We  shall  next  see  what  modifications  are  obtained  when  we  take 
formula  (1)  instead  of  (2),  omitting  the  factor  -/  cos  a,  and  when 
we  in  this  way  eliminate  the  angle  a,  which  is  practically  almost 
iDdeterminable. 

First  let  us  compare  the  values  of  a  defined  by  the  above- 
mentioned  two  formulae,  several  different  values  of  c  being  given. 

Table  III. 


2' 


4' 


& 


8' 


IC 


12^ 


15' 


(2)  gives  a  = 

68°  36' 

41°  44' 

28°  45' 

21°  47' 

17°3(y 

14°  37' 

11°  44' 

(1)  gives  a  = 

57°  1' 

37°  37' 

27°  11' 

21°  4' 

17°  8' 

14°  24' 

11°  37' 

The  comparison  shows  that  if  the  speed  be  more  than  8'  per 
second,  or  about  5  nautical  miles  per  hour,  the  numbers  derived 
from  (1)  may  be  taken  as  sufficiently  exact  for  practical  purposes. 

■therefore   in   the  following  we   shall   take  tan  a=— ,  omitting 
dimensions  of  the  order  (  -  )•     Then  we  obtain — 

2 


^    ^  ^  \        ^  u       uv    A 

(4')P  =  «^A(l-i^),  and 


Equation  (5)  shows  that  the  slack  s  is  inversely  proportional  to 

E  2 
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the  square  of  the  velocity y  and  that  the  first  term  of  the  value  of  «, 
which  is  the  more  important  one,  is  proportional  to  the  difference 
wh  —  j9,  that  is  to  say,  between  the  weight  of  the  cable  hanging 
vertically  and  the  brake-force. 

When  the  cable  is  being  paid  out,  a  variation  in  the  value  of  a 
may  occur  from  three  causes :  alteration  in  the  depth  A,  of  the 
brake-force  p,  or  the  speed  c.  If  s  be  diflFerentiated  according  to 
these  three  values  and  divided  by  5,  we  obtain  the  per-centage  of 
the  total  variation  of  a  due  to  the  three  variations  in  question ; 

p  uv 
da  ^  dh  •  wh  *  a? 
a  ~'  h  «      ' 

p  uv 
da  ^  ^dpwh  (? 
«  ""       p       a 


_-.G- 


p\uv      t^ 


da        -^W-wh/ (? 


a  a 


If,  for  instance,  h  =  2,000  fathoms,  j9  =  3,261*8  lbs.,  c  =  8  feet, 
we  have  5  =  0*10  =  10%  ;  therefore 

4?^  =  9-9and-2(l-^,)«^  +  J=-2-l. 

wh  (T  '  \        wh)  &        <r 

If  now  A,  j9,  and  c  be  each  augmented  by  one-tenth  of  its  value, 

a  in  the  first  case  varies  about  +  99%  of  its  previous  value,  in  the 

second  about  —  99%,  in  third  about  — 21%,   giving  instead  of 

10%  slack 

19-9%,  0-1%,  and  7-9%. 

We  see  therefore  that  the  alack  a  varies  in  a  much  greater  ratio  tfian 
Pf  hy  or  c,  but  that  the  variationa  of  a  caused  by  thoae  of  h  andp  are 
much  more  conaiderable  than  thoae  cauaed  by  variationa  of  apeed. 

Another  important  deduction  is  to  be  made  from  equation  (4'), 
and  tbis  is,  that,  imless  the  speed  be  very  small,  in  laying 
without  alack  the  brakc'force  dependa  only  upon  the  depth^  and  is 
proportional  to  it.  This  was  shown  also  in  Table  I.  Vice  verad 
the  depth  may  be  determined  from  the  brake-force^  and  the  annexed 
tables  will  show  how  far  this  can  be  accurately  eflFected,  com- 
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mencing  with  a  speed  of  4  feet  per  second.     In  Table  IV.  the 
brake-force  P  is  determined  exactly  by  the  formula  — 


P  =  «A(l-itan|). 


Table  V.  shows  the  depths  obtained  from  those  values  by  the 
formula 

W    1  —  1    V 

2  u 

which  is  approximately  correct  Suppose  P  is  measured  by 
experiment,  and  the  cable-constants  Uy  v,  w^  are  known,  the  depth 
is  found  by  the  Tables : — 

Table  IV. 


h 

0  =  4' 

6' 

8' 

lO' 

12^ 

15' 

500  &ithoms 

P=   901-8 

901-3 

901-2 

901-2 

901-2 

901-1 

1,000 

=  1803-6 

1802-5 

1802-4 

1802-4 

1802-4 

1802-2 

2,000        „ 

=  3607-1 

3605-0 

3604-7 

3604-8 

3604-8 

3604-4 

3,000        „ 

=  5410-7 

5407-5 

5407-1 

5407-2 

5407-2 

5406-6 

Table  V. 


A(actiial) 

h  (calcnlated) 

500  fathoms 

500-3 

500-1 

500-0 

5000 

600-0 

600-0 

1,000        „ 

1000-7 

1000-1 

1000-1 

1000-1 

1000-1 

10000 

2,000        „ 

2001-6 

2000-3 

2000-1 

2000-1 

2000-1 

1999-9 

3,000        „ 

3002-2 

3000-4 

3000-2 

3000-2 

3000-2 

9 

2999-9 

It  will  be  understood,  even  from  approximate  formulae,  that  the 
laying  of  a  cable  with  a  definite  amount  of  slack  requires  an  exact 
knowledge  of  the  cable-constants,  as  well  as  of  the  depth  and 
speed.  We  may  assume  the  constants  of  the  cable  to  have  been 
distinctly  ascertained  before  laying  it,  but  the  measurement  of 
depth  and  speed  during  the  paying-out  cannot  be  performed  with 
an  accuracy  that  will  yield  reliable  results.  The  question  now 
remains  whether  or  not  it  is  possible  to  overcome  these  difHcalties. 


64  SUBMERGING  AND  TESTING  [9ih  Feb. 

It  becomes  necessary  to  ask,  Can  a  cable  be  paid  out  without 
brake-force  ?    We  should  in  such  a  case  have 

1  vi^u-v) 

that  is,  slack  is  dependent  only  upon  the  speedy  and  not  upon  the 

depth. 

It  would  be  possible  to  pay  out  without  brake-force  and  without 

slack  if 

2w  —  v  =  0  and  v  =  2w, 

that  is,  if  the  cable  had  considerable  sliding-friction,  but  in  this 
case  it  would  be  impossible  to  lay  with  slack. 

Suppose  it  were  intended  to  lay  with  10%  slack  and  without 
brake-force,  then  in  the  case  of  the  heavy  Atlantic  cable  the  speed 
must  equal  26''4 ;  whilst  the  light  cable  of  Longridge  and  Brooks 
(having  the  constants  v=  1-404,  w=  11-024,  i/?  =  0*06578)  would 
require  a  speed  of  12'.     Therefore  as 


=a/^ 


(2u  —  v) 


2s 

we  should  be  able  by  diminishing  the  specific  graviiy  and  increasing 
the  sliding  fi'iction  to  construct  a  cable  that  might  be  laid  without 
brake-force  and  with  an  amount  of  slack  varying  with  the  speed  of 
the  vessel. 

There  is  still  another  means,  proposed  by  the  Author's  brother, 
Dr.  0.  W.  Siemens,  of  ascertaining  experimentally  what  brake- 
power  is  required  to  obtain  a  desired  amount  of  Slack.  This  is 
effected  by  keeping  the  speed  constant  and  increasing  the  pressure 
of  the  brake  until  further  increase  of  pressure  is  no  longer  followed 
by  decrease  in  the  velocity  with  which  the  cable  is  paid  overboard. 
Then  we  have  found  the  brake-power  necessary  to  lay  without 
slack  with  a  given  speed,  and  it  is  easy  to  alter  the  pressure  of  the 
brake  until  any  desired  slack  be  obtained.  But  violent  motion  of 
the  vessel,  combined  with  irregularity  in  the  velocity  with  which 
the  cable  runs  out — an  irregularity  caused  by  the  motion  as  well 
as  by  more  considerable  inequalities  in  the  sea-bottom — ^will  often 
render  even  this  expedient  ineflFective. 

To  obtain  precisely  any  desired  slack,  the  only  method  will  be 
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'"to  pay  ont,  with  tho  eablo,  a  ropo  or  wire  having  approximately  tlio 
same  coefficients  it  and  r  as  the  cable.  If  this  wire  or  ropo  ba 
retained  with  sufficient  brake-power  to  be  paid  ont  withont  slack, 
and,  therefore,  with  teusion  on  the  sea-bottom,  a  counter  will  give 
the  exact  progress  of  the  vessel,  even  without  the  errors  caused  by 
currents ;  therefore  the  brake  has  only  to  be  maintained  under  the 
pressure  that  will  give  any  desired  ratio  between  the  velocities  with 
which  the  cable  and  the  wire  are  run  out.  The  greater  espenae 
incurred  by  the  nae  of  the  wire  will  bo  more  than  eompenaated  for, 
because  the  wire  or  rope  paid  out  without  slack  does  not  measure 
&s  progress  of  the  vessel  in  a  horizontal  direction,  but  the  length 
of  the  ground  passed  over,  and  it  therefore  defines  the  amount  of 
oable  necessary  to  follow  the  inequalities  of  the  aea-bottom  without 
strain  upon  the  cable;  and,  as  the  usual  amount  of  10%  — 15% 
slack  is  generally  paid-out,  to  avoid  the  danger  of  any  such  strain 
on  uneven  ground,  and  also  the  formation  of  catenaries  of  great 
length,  it  will  be  seen  that  the  cost  of  the  wire  would  be  fully 
oovered  by  economy  in  the  amount  of  cable  paid  out. 

In  order  to  insure  long  service  the  insulation  of  a  submarine 
cable  or  subterranean  conductor  must  be  perfect ;  that  is  to  say, 
the  resistance  of  the  insulating  coating  must  be  equal  to  that  defined 
by  a  calculation  based  upon  the  specific  resistance  of  the  insulating 
material  employed.  As  soon  as  this  resistance  is  observed  to 
decrease  it  may  be  assumed  that  in  one  or  more  places  the  water 
has  come  into  eommunicatiou  with  the  conductor  through  an  open- 
ing in  the  insulator.  This  may  happen  during  manufacture  of 
the  cable,  but  often  it  is  first  discovered  during  paying-out  or  some 
time  afiter  the  cable  is  laid.  Therefore,  dtiring  the  manufacture,  as 
well  as  during  the  laying  of  the  cable,  and  after  it  has  beon  laid, 
its  physical  properties  are  submitted  to  continuous  tests.  If  the 
existence  of  a  fault  is  discovered,  it  is  very  important  to  determine 
its  place  or  its  distance  from  the  ends  of  tlie  cable.  When  the 
cable  is  being  paid  out  it  is  necessary  to  arrive  at  this  determina- 
tion as  shortly  as  possible,  to  enable  the  vessel  (provided  the  fault 
be  near  the  ship)  to  take  in  the  portion  of  the  cable  recently  paid- 
out,  and  containing  the  fault.  The  Author  published  in  1850*  his 
*  Poys-  -^B".  Bd.  Ixxis.  p.  192. 
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theory  of  determining  the  distance  of  a  fault.  The  principle  of  his 
method  is,  to  obtain  by  means  of  two  measurements  of  currents  or 
resistance  two  equations,  which  will  enable  us  to  eliminate  the 
unknown  resistance  of  the  fault,  that  is  to  say,  the  resistance  which 
is  opposed  by  the  fault  itself  to  the  passage  of  the  electriciiy  to 
earth ;  it  then  being  possible  to  define  the  ratio  of  distance  of  the 
fault  from  both  ends  of  the  conductor.  The  current  may  be 
measured  at  once  from  both  ends  of  the  insulated  conductor,  the 
distant  end  being  once  insulated,  once  in  connection  with  the  earth; 
or  the  determination  may  be  made  by  two  measurements  from  the 
same  end,  the  distant  end  being  in  the  first  instance  insulated,  in 
the  second  measurement  put  to  earth.  Measurements  of  currents 
being  less  reliable  and  more  difiicuJt  to  obtain  than  measurements 
of  resistance,  the  author  subsequently*  modified  his  formulae 
based  upon  measuring  currents,  substituting  those  for  measuring 
resistances  as  soon  as  he  had  succeeded  in  determining  a  definite 
imit  of  resistance  which  could  be  easily  reproduced,  and  had 
employed  this  unit  in  the  arrangement  of  an  exact  scale  of  resist- 
ances similar  to  a  set  of  weights.f 

Let  ab=  Ihe  the  insulated  conducting  wire,  of  which  the  length 
and  resistance  are  known  ;  a  and  y  the  distances  of  the  fault  from 
a  and  b ;  and  z  the  resistance  of  the  fault.  Then  the  distance  x 
from  the  end  a  is  determined  by  the  following  equations : 

(1.)  _  =  !?  when  both  ends  are  in  the  testing-room,  and  w  and 

y      % 

Wi  are  the  bridge-resistances,  no  current  passing  through  the 
galvanometer. 

(2.)  £  =    A  /  ?  ;   ""    (,  a  and  h  being  the  resistances  measured 
y         \    bic  —  af  ^ 

from  both  ends,  with  the  distant  end  to  earth,  c  the  resistance  of 

the  whole  wire  when  faultless, 

(3.)    {c  =  ^  ""  ^        ,  Oj  and  \  being  the  resistances  measured 
from  both  ends,  with  the  distant  end  insulated. 

*  Pogg.  Ann,  Bd.  xc.  p.  1.    Bd.  xciii.  p.  91.    Bd.  cxx.  p.  612. 
t  Outline  of  the  Principles  and  Practice  involved  in  dealing  with  the  Electrical 
Conditions  of  Submarine  Electric  Telegraphs.  By  Werner  and  C.  W.  Siemens.  1860. 
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(4.)  a  =  {c  —  b)  +  -J  (/'i  —  i)  (c  —  />),  measuring  from  one  end 
of  the  conductor  for  the  determination  of  the  distance  of  the  faidt. 

In  the  first  case  the  variable  roBistauce  of  the  fault,  as  well  as 
the  polarization  there  taking  plaee,  are  entirely  eliminated,  because 
both  determining  measurements  are  taken  simultaneously;  this 
method,  wherever  it  can  be  employed,  Uius  determines  tlio  position 
of  the  fault  with  sufficient  accuracy.  But  the  case  is  very  difFereut 
when  the  ends  of  tlie  conducting  wire  are  at  a  great  distance  from 
each  other,  as  in  a  submarine  cable.  The  fissures  tlu-ongh  which 
the  water  comes  into  contact  with  the  conducting  wire  ore  very 
small,  often  scarcely  visible  to  the  naked  eye,  ajid  the  resistance 
they  offer  to  the  passing  current  is  extremely  variable.  Fnrtlier, 
the  polarization  at  these  faulty  places  is  often  very  considerable, 
and  varies  widely.  Therefore  measurements  as  indicated  by  tie 
preceding  formulse  seldom  give  satisfactory  results,  unless  the 
fault  be  large,  and  its  resistance  consequently  small. 

Messrs.  C!ark  and  Jenkin  have  recently  published  two  methods 
of  determining  the  position  of  a  fault  in  paid-out  cables.  These 
methods  do  away  with  much  of  tlie  uncertainty  to  which  tha 
Author's  previous  methods  were  liable  from  the  variation  in 
physical  properties  of  the  faidty  place.  Mr.  Clark  insulates  one 
end  of  the  conductor  and  inserts  between  the  other  end  and  tlie 
earth  a  battery  and  a  known  resistance.  Then  perfectly  uniform 
electrometers  are  employed  to  measure  the  difference  between  the 
potentials  before  and  behind  the  resistance,  and  at  the  same  time 
the  potential  of  the  insidated  end  of  the  conductor.  The  latter 
gives  the  potential  existing  at  the  fault.  Now  let  \o  denote  the 
inserted  resistance ;  P  and  P"  the  measured  potential  of  its  ends ; 
f  the  potential  at  the  fault  measured  at  the  other  end  of  the  con- 
ductor ;  and  x  the  resistance  of  the  conductor  from  tlie  station 
whore  the  battery  is  inserted  to  the  fault.  Then  we  have 
P-P':  M=P'-p:.r; 

'■<=-       p  _  p-  ■ 
It  being  supposed  that  P,  F,  and  p  are  measured  simidtaneously, 
either  in  absolute  measure  or  with  perfectly  uniform  instruments, 
the  variability  of  the  resistance  of  tho  fault  will  not  influence  tha 
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result.  At  the  same  time  the  influence  of  polarization  at  the 
fault  is  eliminated,  which  has  only  the  effect  of  increasing  the 
potential  at  the  fault,  and  therefore  acts  like  an  increase  of  re- 
sistance of  the  fault. 

The  method  published  by  Mr.  Jenkin  is  based  upon  simultaneous 
measurements  of  the  current  passing  through  the  fault  and  of  the 
potentials  of  both  ends  of  the  conductor.  To  obtain  this,  a  battery 
and  galvanometer  are  inserted  between  one  end  of  the  conductor 
and  the  earth,  the  other  end  of  the  conductor  being  insulated. 
Besides  this,  both  ends  are  connected  with  electrometers. 

Mr.  Jenkin's  formula  takes  into  account  the  decrease  of  current 
caused  by  the  insulating  coating,  and,  as  in  the  case  of  slight  faults, 
which  are  the  most  difficult  to  determine,  imperfect  insulation  is 
of  considerable  influence,  Mr.  Jenkin's  formula  would  be  of  great 
value,  provided  the  simultaneous  measurement  of  a  current  and 

* 

two  potentials,  in  absolute  measure,  at  different  places,  and  with 
sufficient  accuracy  to  render  the  results  reliable,  did  not  prevent 
to  a  certain  extent  the  practical  use  of  it. 

From  what  has  been  said,  it  follows  that  a  method  of  determining 
faults  cannot  give  reliable  results  unless  it  eliminates  the  very 
inconsistent  resistance  and  the  variable  polarization  of  the  fault. 
Further,  in  faults  of  great  resistance,  occurring  in  long  conductors, 
it  is  necessary  to  take  into  consideration  or  to  eliminate  the  insula- 
tion-current, that  is  to  say,  the  absorption-current,  or  current  of 
electrification,  passing  through  the  whole  length  of  the  insulator  as 
far  as  the  cable  is  faultless.  Again,  the  method  must  be  capable  of 
being  carried  out  easily  and  quickly. 

The  Author  trusts  these  conditions  are  fulfilled  by  the  following 
method : — 


A   cx>    oi 


F 

z 


•%, 


.-' 


Fig.  2. 
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Let  A  B  denote  the  faulty  cable ;  F  position  of  the  fault,  the 
resistance  of  which  at  the  moment  of  measuring  =  j  =  FG  =  FH; 
A  C  =  P,  measure  of  potential  given  to  the  eable-eud  by  a  battery 
inserted  between  A  and  earth ;   then  C  H  will  be  the  "  fall "  of 
I  the  current  passing  through  the  fenlt  and  E  F  the  potential  at  F, 
]  if  the  other  end  of  the  conductor  at  B  be  insulated.     If  we  assume, 
provisionally,  that  the  insulation  of  the  whole  cable,  ejxejit  only  of 
the  faulty  is  perfect,  we  shall  have  at  B  the  potential  p.     If  a 
r  Btraight  line  be  drawn  through  G  and  E,  then  D  B  will  be  the 
I  measure  of  the  potential  P*,  which  shall  give,  when  the  cable  is 
I  inaulated  at  A,  the  same  potential  p  to  the  fault  F  as  it  had  pre- 
viously by  P  from  A.    Now  we  have  the  triangles  C  G'  E  ^  D  H'E, 
therefore, 

P-p:P'-^=i:y, 

X  and  y  denoting  the  distances  between  the  fault  and  both  ends  of 

the  conductor  A  and  B.      As  .r  +  y  is  the  known  length  of  the 

whole  conductor,  the  position  of  the  fault  is  perfectly  determined, 

Suppose  the  reaiataneo  and  polarization  to  be  the  same  in  both 

measurements  made  one  shortly  after  the  other,  the  results  of  the 

determination  are  not  influenced  by  them.     Nor  does  the  imperfect 

insulation  of  the  conductor  alter  the  result,  if  the  fault  be  in  the 

middle  of  the  cable  or  near  to  it.     Otherwise,  if  the  fault  be  nearer 

tto  one  end  of  the  conductor,  it  is  easy  to  apply  a  con-oction  which 

lamends  the  result  (with  an  accuracy  sufScicnt  for  practical  pur- 

»|JOses).     It  is  easy  to  obtain  sufficiently  accurate  measures  of  the 

■Jwtentials  if  there  is  at  each  end  station  a  sensitive  mirror-gal- 

■"vanometer  to  which,  by  shunt-circuits,  any  desired  degree  of  sen- 

Bsitiveness  may  be  given,  a  very  high  resistance,  of  some  millions 

■  of  nnits,  and  the  means  of  arranging  a  battery  of  defined  electro- 

■taotive  force.     If  these  batteries  be  constrneted  of  Daniell's  ele- 

Ijnents  with  sulphate  of  zinc,  and  care  be  taken  that  the  zinc  poles 

■eonsist  of  homogeneous  material  and  are  well  amalgamated,  and 

Kihat  the  liquids  are  of  uniform  strength,  then  the  same  number  of 

Uuch  elements  will  have  the  same  electromotive  force  provided  their 

nemperature  be  constant.     If  this  is  the  case,  and  therefore  any 

nncrease  or  decrease  of  the  electromotive  force  by  thermal  currents 

HriBing  from  the  contact  of  metals  and  liquids  of  diSeront  tem- 
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perature  is  avoided — the  electromotive  force  of  such  cells  will  he 
independent  of  their  temperature.  Now,  to  both  galvanometers  may 
easily  be  given  the  same  sensitiveness  if  each  of  them,  together 
with  the  high  resistance,  and  a  battery  of  determined  number  of 
elements,  is  inserted  in  circuit,  and  the  shunt^circuit  of  the  galva- 
nometer regulated  so  as  to  give  the  needle  a  deflection  agreed  upon 
by  both  stations.  Inequalities  of  resistance  of  the  batteries  and 
galvanometers  may  be  neglected,  if,  as  is  assumed,  the  resistances 
inserted  are  very  high.  If  the  galvanometers,  brought  to  the  same 
sensibility,  are  inserted  between  the  ends  of  the  cable,  &c.  and  the 
earth,  their  deflection  indicates  the  potential  of  the  places  of 
contact.  A  measureable  alteration  of  the  potential  will  not  be 
produced  by  the  shunt-circuit  if  the  resistance  of  the  batteries  and 
of  the  whole  cable  is  very  small  in  comparison  with  it. 

The  measurements  required  by  this  method  of  determining  faults 
are  executed  as  follows :  Station  A'  inserts  any  battery  between 
the  cable  and  the  earth.  As  soon  as  charge  and  polarization  have 
become  constant,  A  and  B  record  their  galvanometer-deflections, 
and  then  station  A  interrupts  the  contact  of  the  cable-end  with  the 
free  pole  of  the  battery.  Station  B  knows  this  by  the  decrease  of 
deflection  of  its  galvanometer.  Now  it  communicates  by  means  of 
conventional  impulses  of  current  the  amount  of  deflection  obtained 
to  station  A,  and  then  the  equal  free  pole  of  its  battery  is  brought 
into  contact  with  the  cable-end.  Station  A  now  announces,  by  a 
signal  agreed  upon,  whether  its  galvanometer  shows  greater  or  less 
deflection  than  that  of  station  B.  After  this  station  B  increases  or 
decreases  the  electromotive  force  of  its  battery  until  A  signals,  that 
the  same  deflection  is  observed.  In  order  to  control  the  results  A 
and  B  may  now  alternately  connect  their  batteries  with  the  cable- 
end  and  vary  the  electromotive  force  of  their  batteries  until  each  of 
them  produces  the  same  deflection  at  the  distant  end  of  the  con- 
ductor. The  electromotive  forces  of  the  batteries  may  be  varied  by 
increasing  or  decreasing  the  number  of  elements  or  by  connection 
with  shunt-circuits. 

As  may  easily  be  seen,  this  method  eliminates  any  inaccuracy 
arising  from  the  conductive  power  of  the  insulator  as  long  as  the 
fault  is  in  the  middle  of  the  conductor  or  near  it.     If  the  position 
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of  the  fault  be  very  excentrie,  the  eUminatioii  is  only  approximately 
complete. 

Instead  of  eliminating,  as  in  the  preceding  method,  the  errors 
arising  jfrom  the  physical  conditions  of  the  fault  being  liable  to  so 
great  variation,  by  measuring  from  both  ends  as  nearly  simul- 
taneously as  possible — by  which  means  the  error  or  inaccuracy 
would*  be  of  the  same  amount  for  both  measurements  and  one 
would  compensate  for  the  other — the  result  may  be  attained  by 
reducing  the  potential  of  the  fault  to  zero.  If  one  end  of  an  insu- 
lated cylindrical  conductor  be  connected  with  the  positive  pole,  the 
other  with  a  negative  pole,  of  galvanic  batteries,  the  free  poles  of 
which  are  put  to  earth,  the  curve  of  tension  cuts  the  cable  in  the 
middle,  if  the  whole  conductor  is  homogeneous  and  equally  insu- 
lated, and  the  electro-motive  forces  of  the  batteries  equal.  By 
inserting  and  removing  resistances  between  the  batteries  and  the 
attached  cable-ends,  the  position  of  that  point  of  the  conductor 
where  there  is  no  tension  may  be  varied  at  will.  When  this  point 
coincides  with  the  fault,  no  current  passes  by  the  fault  to  earth, 
therefore  the  fault  does  not  influence  the  intensity  of  the  current  at 
the  cable-ends  nor  the  form  of  the  tension-curve. 


ir    H 


Fig.  3. 


.  In  figure  3,  A  B  represents  the  cable,  C  E  and  D  P  equal  resist- 
ances, E  A  and  B  F  resistances  equal  to  each  other,  but  variable, 
G  J  Z  K  H  the  line  of  tension  when  the  cable  is  faultless.  Now, 
if  a  fault  occurs  at  M,  the  potential  difference  G  C  —  J  E  increases, 
and  the  potential  difference  D  H  —  F  K  decreases.      If,   now. 
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station  A  increases  its  variable  resistance  B  F  until  the  previously 
measured  potential  difference  GC  —  JE  =  DH  —  FKis  restored 
at  both  stations,  the  dotted  line  Q'  M  K'  is  the  actual  line  of  tension, 
and  the  resistance  inserted  in  A  and  removed  in  B  gives  the 
distance  of  the  two  positions  of  the  point  free  of  tension,  therefore 
also  the  measure  of  the  distance  of  the  fault  from  the  middle  of  the 
cable.  If  the  measurements  were  accurate,  the  resistance  inserted 
in  one  station  will  be  equal  to  that  removed  in  the  other. 

The  potential  difference  C  G  -  E  J,  as  well  as  that  of  D  H  -  F  K, 
may  be  measured  as  before  by  discharges  of  a  condenser,  the 
castings  of  which  are  connected  with  0  and  E  and  with  D  and  F, 
or  by  deflection  upon  a  sensitive  galvanometer,  the  ends  of  the 
coils  being  connected  by  very  high  resistances  with  0  and  E  and 
with  D  and  F. 

Hitherto  we  have  dealt  with  faults  of  insulation,  in  which  it  was 
supposed  that  the  conductor  itself  was  not  damaged  and  was  con- 
tinuous from  one  station  to  the  other  ;  but  faults  of  another  kind 
may  occur.  The  conductor  may  be  broken  inside  the  insulating 
cover,  or  the  cable  may  be  perfectly  severed,  in  which  case, 
almost  without  exception,  the  ends  of  the  conductor  come  in  con- 
tact with  the  water.  In  the  first  case  the  distance  from  the  fracture 
may  be  easily  determined  by  measuring  the  capacity  of  the  Leyden 
jar  formed  by  one  of  the  two  parts  of  the  cable,  and  by  comparing 
it  with  the  capacity  of  the  imit  of  length  of  the  conductor.  This 
can  be  done  either  by  directly  observing  the  deflection  of  a  mirror 
galvanometer,  or,  as  suggested  by  De  Sauty  and  Varley,  by  send- 
ing simultaneously  the  charge  of  the  cable  to  be  measured  and  the 
charge  of  the  condenser  serving  as  a  standard  of  measure  through 
the  same  circuit,  and  with  the  help  of  a  Wheatstone's  bridge  or 
differential  galvanometer  obtaining  an  adjustment  that  shows  no 
deflection.  The  ratio  of  the  branches  of  the  bridge  will  of  course 
give  the  ratio  of  the  charges. 

These  methods,  which  are  very  convenient  in  short  cables,  cease 
to  be  sufBciently  accurate  when  the  cables  are  very  long.  In  the 
first  place  too  long  time  is  needed  to  complete  the  charge  of  the 
cable ;  secondly,  the  sensitiveness  of  the  galvanometers  must  be 
reduced  to  too  low  a  standard  that  they  may  measure  the  passage 
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of  the  large  quantity  of  electricity  accumulated  in  a  long  cable. 
The  same  objection  occurs  with  De  Sauty's  method,  because,  if  the 
galvanometer  is  too  sensitive,  the  charge-current  of  the  condenser, 
which  is  at  first  much  the  stronger,  drives  the  needle  over  in  the 
corresponding  direction,  whilst  the  charge-current  of  the  cable,  which 
flows  more  slowly,  deflects  it  afterwards  in  the  opposite  direction. 

The  deficiencies  of  the  methods  at  present  known  may  be 
remedied  in  the  following  manner  : — We  determine  the  deflection 
from  the  discharge  of  a  condenser  of  known  capacity  charged  by  a 
constant  battery.  Then  we  employ  this  condenser  as  a  standard- 
jar  in  repeated  partial  discharges  of  the  cable,  and  finally  we 
measure  the  rfi^  discharge  of  this  jar.  Let  k  be  the  capacity  of  this 
standard-jar,  the  unit  of  cable-length  being  taken  as  unit  of 
capacity;  and  let  a  be  the  capacity  of  the  whole  cable-length. 
Further,  let  P  denote  ihe  potential  to  which  the  cable  and  the 

condenser  are  charged,  Pg  Pg  Pg P^  the  potentials  of  the 

cable,  and  of  the   connected   condenser   after  the  first,   second, 

third rfi^  discharge  of  the  lattiBr.     Finally,  let  a  and  a^  be 

the  discharge  deflections  of  the  condenser  at  the  first  and  n**  dis- 
charge.    Then  we  have 

Jtr   •  Jl  1  ^—  M?  "t"  A/  «  ftZ7 

Pj  :  Pg  =  iT  +  A  :  ^,  and 

"«-i  •Pn^^  +  ^1^5 
therefore  P  :  P^  =  (^  +  ky  :  aS^^ 

or  yP:  ^  =  ^  +  A:^ 

:/p  ^yp,  ^  k 
yp;        ^ 


^=  -^3= 


yp-  yp« 

or,  as  a  and  a„  are  the  galvanometer-deflections  corresponding  to  the 
charges  of  the  standard-jar  P  and  P„,  we  have 

It  is  much  more  diiSScult  to  determine  the  distance  of  the  fracture 
of  a  cable   if  the  end  of  the  conducting  wire  comes  into  contact 
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with  the  water.  Generally,  when  a  cable  breaks,  the  conducting 
wire  and  the  insulating  coating  do  not  break  in  the  same  transverse 
section,  so  that  either  a  portion  of  the  wire  lies  uncovered  in  the 
water,  or  the  wire  comes  into  contact  with  the  surrounding  water 
through  a  narrow  tube,  only  imperfectly  filled  with  water.  In  the 
first  case,  measurements  of  resistance  executed  cautiously  from  the 
land  will  generally  yield  sufficiently  accurate  results.  But,  besides 
the  variable  polarization  of  the  faulty  place,  there  is  in  this  case 
another  cause  of  error,  namely,  that  the  so-called  earth-currents 
almost  always  are  to  be  found  to  a  greater  or  less  extent  Even 
when  there  is  no  av/rora  borealis  visible  at  night,  these  currents 
(which  must  be  traced  to  terrestrial  or  cosmical  sources)  often 
appear  in  cables  in  contact  with  water  at  both  ends,  and  their 
intensity  can  amount  to  that  of  6-8  Daniell's  cells.  The  author 
succeeded  in  compensating  for  the  influent  of  earth-currents  upon 
the  measurements  by  connecting  the  cable-branch  of  the  bridge 
with  a  shunt  of  variable  resistance,  and  with  a  sufficient  electro- 
motive force  to  balance  the  earth-current.  The  balance  will  be 
effected  when  the  bridge-galvanometer  indicates  no  current. 
Numerous  observations  upon  earth-currents  were  made  by  this 
method,  to  which  the  author  will  refer  at  some  other  time.  But, 
although  we  may  in  this  manner  avoid  the  influence  of  earth- 
currents  in  measuring  resistances,  the  result  is  never  reliable,  as  it 
gives  only  the  total  resistance  of  the  cable  and  the  fault  together, 
and  does  not  indicate  the  resistance  of  the  latter.  Often  the  resist- 
ance to  transmission  of  the  current  from  the  conductor  to  the 
water  is  greater  than  the  resistance  of  the  entire  cable. 

In  cables  where  the  distant  end  is  inaccessible,  we  cannot  obtain 
a  second  equation,  by  means  of  which  we  might  eliminate  the 
variable  resistance,  and  it  is  in  this  case  better  to  measure  the 
electro-static  capacity  of  the  portion  of  the  cable. 


Fig.  4. 
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Let  A  B  be  a  portion  of  the  cable  of  the  length  Z,  the  end  B  of 
which  is  in  contact  with  water ;  BD  =  z  the  resistance  of  transition 
from  conductor  to  water ;  C  A  =  W  the  resistance  of  the  galva- 
nometer by  which  the  charge  is  measured ;  A  E  =  P  the  potential 
given  to  A,  the  end  of  the  cable,  by  a  battery  inserted  between  A 
and  earth.  Then  in  the  diagram,  A  B  F  E  represents  the  charge 
of  the  cable.*  Therefore  at  distance  a  from  A  the  potential  of  the 
point  considered  will  be  y  =  the  ordinate  of  the  point.  If  <{>  denote 
the  quantity  of  electricity  with  which  the  cable  has  been  charged, 
corresponding  to  the  area  A  E  F  B,  we  have 

y,  dx  =  d  <f> 
and 


/ 


I 

ly  da!=  ^. 


If,  now,  both  ends  of  the  conductor  C  D  are  connected  to  earth, 
and  the  electromotive  force  P  at  A  (with  which  the  cable  has  been 
charged)  be  removed,  the  quantity  of  electricity  y  dx=  d^  will 
flow  from  both  ends.  Let  d  ^,  be  the  portion  of  d^  which  returns 
to  earth  through  A  and  C,  and  d^,,  the  portion  going  to  earth 
through  B  and  D.  These  quantities  wilt  be  inversely  proportional 
to  the  resistances  they  have  to  overcome.     Therefore 

and  as  d^^  -\-  d^,/=z  d^ 

^  w  +  l-h  z 

Further  y  :F  =  I  — x  +  z  :  I -^  z^ 

I  +  z  ^  a 


therefore  y  =  P 


I  -\-  z 


and  we  have  rf  <f>/  =  P  - — ^-^ ,—-/ tir. 

^  (w-^  l-h  z){l-^  z) 

P  rl 

or  i,  = i y—n x    /^   (l  +  z  —  aY  dos, 

♦  Pogg,  Afm.  Bd.  Ixxix.  p.  499, 1860. 
VOL.  V.  F 
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If  the  value  of  a  =  Z  +  ^  (determined  by  measuring  simul- 
taneously the  charge  of  the  cable  and  the  resistance)  be  substi- 
tuted, we  have 


S{w  +  a)  a 


hence  z  =  ^<^-  ^  <!>' (^^ '')  <^ 

As  we  have  P  Z  =  2  0,  the  quantity  of  charge  of  the  entire  cable 
when,  faultless,  as  we  have  also  P  =  the  charge  j,  of  the  unit  of 
insulated  cable, 

As  by  measuring  the  resistance  simultaneously  we  have  ascertained 
a,  and  as  Z  =  a  —  ^,  the  length  Z  of  the  broken  cable  is  determined. 
If  -?  =  0  and  a-^'l^  the  preceding  equation  gives 

that  is  to  say,  if  a  charged  cable  which  is  at  one  end  connected  with 
earth,  without  resistance,  be  at  the  other  end  also  connected  to 
earth,  and  without  resistance,  then  two-thirds  of  the  charge  returns 
to  the  charging  station^  and  one-third  goes  to  earth  at  the  distant  end. 
Of  course  no  time  must  be  lost  between  the  removal  of  the 
battery  and  the  insertion  of  the  galvanometer  (put  to  earth), 
because,  during  the  time  the  cable  remained  insulated,  a  consider- 
able portion  of  the  electricity  would  travel  to  the  other  end ;  there- 
fore, the  discharge  would  be  too  small.  But  if  the  change  of 
connection  is  made  at  one  and  the  same  moment  (as  effected  by 
Helmholtz  in  1851),  the  results  obtained  by  this  method  correspond 
very  closely,  and  are  very  exact.  If  the  conductors  to  be  measured 
are  of  great  length,  the  retardation  of  the  current  in  consequence 
of  the  charge  introduces  error.  Therefore,  if  this  be  the  case,  the 
preceding  formula  needs  correction,  owing  to  this  retardation  of 
the  current,  but  the  author  has  not  as  yet  succeeded  in  determining 
the  necessary  correction. 
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^B       The  President  :  This  paper  is  one  which  can  only  bo  properly 

^H  appreciated  hy  reading  it   quietly,  witli   time   to  study  the  dia- 

^f  grams  and  formulEe,  most  of  which  have  neeesaarily  been  passed 

over.     For  myself,  I  have  no  personal  familiarity  with  Hubmarino 

cables,  and  therefore  should  not  be  justified  in  occupying  your 

rtime  by  any  remai-ks  of  my  o^wn.  The  paper  commenced  by 
referring  to  the  first  cable  which  was  laid  across  the  British 
'  Channel.  It  was  manufactured  for  Mr.  Read  the  elder.  I  remem- 
her  seeing  the  cable  at  Dover.  It  was  at  that  time  scarcely 
believed  that  a  cable  was  ahout  to  be  laid  across  the  channel ;  and 
I  have  in  my  possession  at  this  moment — and  it  forma  an  interest- 
ing matter  of  history — a  letter  from  Mr.  Lewis  Ricardo,  the  then 
chairman  of  the  Electric  Telegraph  Company,  asking  me  if  it 
really  was  true  that  a  cable  had  been  made,  and  was  about  to 
be  laid  across  the  channel  ?  There  are  several  gentlemen  present 
who  are  acquainted  with  the  two  chief  points  to  which  your  atten- 

Jtion  has  been  directed,  viz.  the  mechanical  operation  of  laying 
cables  and  the  electrical  operation  of  testing  for  faults ;  and  I 
am  sure  the  remarks  of  those  conversant  with  these  points  will 
be  listened  to  with  great  attention  and  great  patience  by  the 
Members  present. 
Mr.  "WrLLODOHBY  Smith  (responding  to  the  President's  invita- 
tion) said :  As  electrician  to  the  Telegraph  Construction  and 
Muntenance  Company,  I  have  had  a  large  experience  in  submarine 
telegraphy,  bnt  I  am  at  the  same  time  happy  to  say  my  experience 
in  localising  faults  has  been  very  limited.      The  paper  commences 

tby  slating :  "  The  starting  point  of  submarine  telegraphy  is  to  bo 
found  in  the  subterranean  lines  constructed  in  Prussia  during  the 
years  1847  and  1852."  Now,  I  question  whether,  prior  to  1850, 
juiy  reliable  data  were  obtained  from  the  then  very  imperfect  state 
of  subterranean  lines  in  England  and  other  countries.  The  suc- 
jBCSsful  laying  of  the  line  from  Dover  to  Calais,  in  September  1850, 
was  the  germ  from  wliieh  submarine  telegraphy  sprang. 

Then,  again.  Dr.  Siemens  says  :  "  In  the  ycai'  1846  the  Author 
suggested  to  the  Prnsaian  Government  the  use  of  gutta-percha  as 
insulating  material :  this  gum  having  then  recently  become  known 
in  Europe."      Further  on  it  is  stated,  that  in  1847  the  Author  in 
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conjunction  with  another  person  constructed  a  machine  by  means 
of  which  the  gutta-percha,  rendered  plastic  by  heat,  was  pressed 
round  the  wire  without  any  seaming. 

I  have  with  me  a  few  notes,  which  I  should  like  to  call  attention 
to ;  and,  if  I  am  wrong  in  anything,  I  hope  there  are  gentlemen 
present  to  correct  me.  I  do  not  think  anyone  will  dispute  that  it  was 
in  the  year  1843  tliat  Dr.  Montgomerie  transmitted  the  first  sample 
of  gutta-percha  to  the  Society  of  Arts.  Samples  of  several  articles 
roughly  made  from  gutta-percha  were  exhibited  at  the  Society  of 
Arts  in  1844.  The  first  patent  in  which  gutta-percha  is  men- 
tioned was  obtained  by  Mr.  Charles  Hancock  in  May  1844  "  For 
certain  improvements  in  corks  and  other  stoppers."  In  1845  and 
1846  patents  were  obtained  for  mixing  gutta-percha  with  all  known 
and  unknown  substances  for  all  known  and  unknown  purposes. 
The  most  important  patent  of  the  year  1845  was  that  of  Henry 
Bewley  for  manufacturing  gutta-percha  bottles,  tubes,  &c.  In  his 
specification  he  says :  *'  The  gutta-percha  in  a  plastic  state  is  put 
into  a  cylinder,  and  a  piston  working  into  this  cylinder  presses  the 
gutta-percha  against  a  heated  disc  in  which  there  are  holes 
through  which  the  gutta-percha  is  pressed  into  a  cup,  fi'om  whence 
it  passes  out  and  round  a  core,  and  descends  in  the  desired  tubular 
form  into  a  receiver  of  cold  water."  This,  no  doubt,  was  the 
germ  of  the  present  tube  and  wire-covering  machines.  In  Feb- 
ruary 1848  Professor  Faraday  called  public  attention  to  the  electrical 
qualities  of  gutta-percha.  In  the  paper  under  discussion  Dr.  Sie- 
mens says  that  in  1846  he  suggested  to  the  Prussian  Government 
the  use  of  gutta-percha  as  an  insulating  material.  It  is  curious  that 
Professor  Faraday — considering  how  careful  a  man  he  was — should, 
two  years  after,  bring  it  before  the  public  as  a  new  thing.  I  would 
refer  you  to  a  letter  on  this  subject  published  in  the  Philosophical 
Magazine  for  February  1848.  There  we  find  that  the  first  patent  in 
which  gutta-percha  is  mentioned  in  connection  with  electricity  is  by 
Charles  Hancock,  in  May  1848,  in  which  he  says :  "  Gutta-percha 
previously  boiled  with  muriate  of  lime  is  passed  between  heated 
cylinders  while  rosin  is  sifted  on,  or  solutions  of  the  two  are  made 
and  mixed.  This  is  employed  where  complete  electric  insulation  is 
desirable."      In   September  1848  John  Lewis   Ricardo  patented 
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"  Iniprovoiuonts  in  Eleetiuc  Telcgraplis  and  apparatus  connected 
therewith,"  one  of  which  was  "  Laying  ono  or  more  wires  between 
bands  of  gntta-percha,  and  then  through  a  pair  of  grooved  rollei'a 
heated  by  steam ; "  but  he  preferred  to  use  a  compound  composed 
of  gutta-percha,  Now  Zealand  gum,  and  sulphur.  The  Gutta- 
percha Company  had  been,  since  e'ai'ly  in  1848,  endeavouring  to 
obtain  a  perfect  metliod  of  covering  wires  with  gutta-percha  for 
telegraphic  purposes.  Li  1849  {I  think  in  November,  but  am  not 
qoite  sure)  they  commenced  to  supply  the  Pruasiau  Government 
with  "  BuJphm-etted  gutta-percha "  covered  wires.  No  wonder 
the  insulation  was  soon  destroyed,  considering  the  large  quantity 
of  sulphur  thoy  bad  mixed  with  tlie  gutta-percha.  In  1849  the 
Gutta-percha  Company  commenced  to  manufacture  the  lino 
which  was  laid  from  Dover  to  Calais  in  1850;  and  in  1850 
Ernest  Werner  Siemens  patented  a  machine  for  covering  wire  with 
gutta-percha  for  telegraph  purposes,  which  machine  was  much  in- 
ferior to  those  ah'sady  at  work  on  the  Gutta-percha  Company's  pre7 
mises.  It  was  in  September  1850  that  Mr.  Eead  laid  the  wire  from 
Dover  to  Calais,  and  it  soon  failed,  as  might  have  been  expected. 
I  believe  it  is  not  generally  known  that  the  shore  end  of  that  wire 
was  composed  of  a  cop[rer  wire  covered  with  cotton,  passed  through 
a  solution  of  india  rubber  and  enclosed  in  a  thick  leaden  tube.  The 
shore  ends  were  laid  some  days  before  the  gutta-percha  covered 
wire  was  laid.  I  believe  but  for  those  shore  ends  the  wire  would 
have  lasted  longer.  Up  to  the  time  of  joining  with  tlie  wire  in  the 
lead  tube  the  cable  lasted  well,  but  when  we  arrived  at  the  light- 
house at  Cape  Grianez  we  could  not  get  any  signals,  and  in  trying 
next  day  to  remedy  the  evil  the  wire  broke. 

The  first  channel  cable  was  laid  in  1851.  In  1854  the  MedJter- 
cablo  was  laid  between  Corsica  and  Sardinia,  in  some  places 
Et  a  depth  of  50O  fathoms.  Had  Mr.  Brett  employed  a  steamer 
sailing  vessel  to  lay  the  other  section  from  Sardinia  to 
Africa  in  1855  I  think  he  would  have  been  as  fortunate  as  he  was 
with  the  line  between  Sai'dinia  and  Corsica,  but  by  using  a  sailing 
vessel  he  had  no  control  and  consequently  lost  the  cable.  It  was  a 
very  heavy  cable  to  attempt  to  lay  at  depths  of  1,500  fathoms,  but 
in  1857  Mr.  Newall  succeeded  in  laying  a  light  cable  over  the  s 
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Mr.  C.  F.  Varley,  F.R.S. — ^This  paper  only  came  into  my  hands 
this  morning,  and  though  I  endeavoured  to  get  through  it,  and 
spent  about  three  hours  and  a  half  over  it,  I  have  not  succeeded 
yet  in  dealing  with  the  whole  of  the  equations  in  the  paper. 
Nevertheless  there  are  many  points  I  can  deal  with,  and  I  am 
sorry  that  it  will  be  my  duiy  to  attack  the  paper  from  the  two  very 
first  lines.  In  these  it  is  stated,  "  The  starting-point  of  submarine 
telegraphy  is  to  be  found  in  the  subterranean  lines  constructed 
in  Prussia  during  the  years  1849 — 1852." 

Now  I  may.be  permitted  to  say  that  the  starting-point  of  sub- 
marine lines  was  to  be  found  when  this  century  was  in  its  teens, 
at  St.  Petersburg,  by,  I  think  it  was.  Professor  Sommering  (if 
you  consult  Dr.  Hamel's  little  book  you  will  see  the  particulars 
described,  as  well  as  the  authority  whence  he  derived  his  statement), 
that  somewhere  about  the  year  1807  or  1808  that  Professor  intro- 
duced to  the  Russian  Emperor  a  little  subterranean  line,  with  a 
charge  of  powder  at  a  distance  of  more  than  a  mile.  The  Emperor 
was  told  to  take  two  wires  in  his  hand,  and  was  informed  that  on 
making  them  touch  the  mine  would  explode :  he  did  so,  and  the  mine 
exploded.  That  led  to  a  great  number  of  experiments,  and  we  find 
when  the  allied  generals  were  assembled  in  Paris  in  1815  the  same 
Professor  amused  the  English  and  Prussian  officers  and  others  by 
laying  his  line  across  the  Seine  and  firing  charges  of  powder  on  the 
other  side.  In  1818,  I  think  I  am  correct  as  to  the  date.  Professor 
Sommering  had  a  telegraph  at  work,  and  so  confident  was  he  of 
success  with  it  under  the  sea  that  a  submarine  cable  was  ordered  to 
connect  Cronstadt  with  St  Petersburg.  This  I  think  was  the  first 
and  the  parent  idea  of  submarine  telegraph  cables  for  sending 
messages. 

When  we  come  to  the  practical  realisation  of  submarine  tele- 
graphy I  think  the  Electric  Telegraph  Company  will  be  able  to 
claim  priority  over  every  one  else.  In  the  year  1847  Mr.  Charles 
West  brought  to  us  wires  insulated  with  india-rubber,  he  having 
previously  established  communication  between  Dawlish  and  Teign- 
mouth  through  the  tunnel,  by  means  of  such  wire  partly  buried 
in  the  ground  and  partly  on  land  or  the  sides  of  the  tunnel.  I 
was  at  that  time  in  the  south  of  Devon,  and,  the  wires  being 
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exposed  to  the  sun  and  open  air,  the  insulation  was  very  bad. 
Mr.  West,  in  October  or  November,  1847,  thought  he  should  like 
to  try  the  possibility  of  working  under  the  sea  by  means  of  an 
india-rubber  covered  wire,  and  my  superior  officer,  Mr.  Reece, 
Mr,  West,  and  myself  arranged  to  test  it  by  means  of  some  of  the 
wire  which  was  afterwards  erected  on  the  line.  A  boat  was  got 
ready :  Mr.  West's  man  was  left  on  shore  with  a  single  needle 
instrument,  and  Mr.  West,  Mr.  Reece,  and  I  went  in  the  boat. 
We  paid  out  this  wire  by  hand :  telegraphed  through  it  and  tested 
its  insulation.  We  then  returned  to  the  shore,  I  being  very  sea- 
sick, for  I  must  confess  it  was  my  first  trip  on  the  "  briny." 
That  was  I  think  the  first  time  a  signal  was  sent  under  sea- water. 

Next,  in  the  year  1 848,  the  Admiralty  desired  that  their  tele- 
graph circuit,  which  extended  from  Whitehall  to  the  Victualling 
Yard  at  Grosport,  should  be  extended  on  to  Portsmouth.  Now,  I 
may  tell  you  that  as  early  as  the  year  1846  they  had  expressed  a 
similar  wish  to  Messrs.  Cooke  and  Wheatstone,  because  the 
semaphore  telegraph  between  Portsmouth  and  the  Victualling 
Yard  was  ofl;en  obscured  by  fog,  while  the  electric  telegraph 
between  the  Victualling  Yard  and  Whitehall  remained  in  perfect 
working  order.  I  remember,  on  taking  charge  of  the  London  and 
South  Western  Railway  telegraph,  finding  to  my  surprise  at 
Grosport  about  a  mile  of  wire  in  a  leaden  tube.  The  wire  was 
covered  thickly  with  cotton  and  insulated  with  a  mixture  of  pitch 
and  resin,  it  being  intended  to  lay  this  wire  from  the  Victualling 
Yard  to  Portsmouth  Dockyard ;  this,  however,  was  never  carried 
out,  although  there  was  an  attempt  to  lay  a  submarine  wire 
of  more  than  a  mile  in  length.  In  1848  wires  were  laid  across 
the  upper  portion  of  the  harbour,  and  those  wires  were  insulated 
in  a  different  manner  as  an  experiment.  Mr.  Willoughby  Smith 
has  told  you  that  Mr.  Ricardo  patented  a  process  of  insulating 
wires  between  two  bands  of  gutta-percha.  Half-a-dozen  wires 
were  laid  uniformly  distant  upon  a  sheet  of  gutta-percha,  another 
sheet  of  hot  gutta-percha  was  then  placed  over  them,  and  the 
whole  pressed  together.  Two  such  ribands  were  laid  down,  as  also 
a  leaden  tube  with  eight  wires  insulated  with  india-rubber.  Most 
of  the  gutta-percha  wires  failed  from  the  two  sheets  of  gutta-percha 
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not  being  properly  united;  but  still  some  of  the  wires  were  in 
working  order  till  the  following  year,  when  a  thunderstorm  came 
across  the  line  and  the  land  lines  were  struck  at  a  distance  of  ten 
or  twelve  miles  from  Cosham,  and  the  wires  were  burst  open. 
The  late  Mr.  Eead  had  at  that  time  a  contract  with  the  Company  to 
keep  these  wires  in  order,  and  I  was  at  that  time  under  his  orders. 
Accordingly,  two  lengths  of  gutta-percha  rod,  about  five-eighths 
diameter,  each  rod  containing  three  conductors  and  two  sets  of 
pipes,  were  substituted  for  these  other  wires,  which  were  taken  out. 
This  was  an  actual  submarine  cable,  working  in  a  circuit  from 
Portsmouth  to  Whitehall,  London,  and  was  laid  in  1848  or  the 
beginning  of  1849.  It  was  in  1848  I  took  charge  of  this  telegraph, 
and  it  was  laid  shortly  afterwards. 

Thus,  then,  we  find  the  idea  of  telegraphing  under  sea-water 
began  at  an  early  date  in  this  century,  and  was  perfectly  realised 
by  the  Electric  Telegraph  Company  as  early  as  the  latter  part  of 
1848  or  the  beginning  of  1849.  The  most  that  can  be  claimed  for 
the  wires  which  were  laid  down  in  Prussia — the  gutta-percha 
covered  wires — ^was  the  introduction  of  gutta-percha  for  under- 
ground not  submarine  circuits ;  and  Mr.  Cooke  we  all  know,  many 
years  before,  had  laid  down  subterranean  wires  sufficiently  insulated 
for  working.  I  ought  to  mention  when  we  took  up  these  leaden 
tubes  containing  the  three  india-rubber  wires  from  Cosham  we 
found  that  some  malicious  individual  had  slit  open  the  leaden  tube 
and  partially  damaged  the  india-rubber ;  but,  inasmuch,  as  he  had 
not  quite  cut  through  the  india-rubber,  insulation  was  sufficiently 
perfect  to  work  till  the  wires  were  destroyed  by  lightning.  Seeing 
that  we  have  greatly  perfected  the  manufacture  of  india-rubber 
covered  wires  we  must  not  give  gutta-percha  the  entire  credit, 
although  it  must  have  the  largest  share  of  it  in  the  construction  of 
all  deep-sea  cables. 

I  have  noticed  another  remark  in  the  paper,  in  which  the 
author  does  not  entirely  but  almost  entirely  claim  the  introduction 
of  tanks  of  water  on  board  ships  for  carrying  the  cable.  That  is 
essentially  an  English  invention  or  introduction,  and  I  take  this 
opportunity  of  claiming  for  my  country  that  most  important  im- 
provement in  the  submerging  of  telegraph  cables,  viz.,  that  of 
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Bending  them  out  under  water  and  keeping  them  in  water  from 
the  moment  they  are  manufactured  till  they  arc  laid  in  their  final 
resting-plaeo.  TJio  faults  of  eome  of  the  West  Indian  cables  of 
comparatively  recent  date  was  due  almost  entirely  to  the  neglect  to 
attend  to  this  precaution,  a  precaution  which  was  insisted  upon  by 
the  Privy  Council  with  regai'd  to  the  construction  of  deep-sea 
telegraphs  in  the  report  which  was  issued  in  1860,  after  the  Com- 
mittee had  sat  for  a  period  of  two  years. 

I  would  like,  before  I  go  to  another  subject,  to  suggest  to 
authors  of  papers  of  this  description — although  it  may  be  rather  a 
bold  thing  to  do — still  I  would  suggest  that  they  should  put  into 
their  formulie  some  of  the  intermediate  steps  by  which  they  arrive 
at  their  final  equations.  It  would  save  an  immense  deal  of  trouble 
in  interpreting  their  papers. 
I  The  first  part  of  this  paper — I  mean  that  portion  which  refers 
I  "to  the  mechanical  operation  of  laying  cables — is  chiefly  confined  to 
a  description  of  a  dearly-written  paper  by  Messrs.  Longridge  and 
Brooks,  read  before  the  Institution  of  Civil  Engineers.  Now, 
when  we  remember  the  date  at  which  that  paper  was  written, — I 
think  it  was  about  1856  when  submarino  telegraphs  were  as  yet  in 
their  childhood,- — and  when  we  bear  in  mind  that  that  paper  was 
published  then,  and  that,  notwithstanding  the  time  which  has 
elapsed  and  the  experience  which  has  been  gained,  there  is  only 
one  point  with  which  Dr.  Werner  Siemens  has  to  find  fault,  I 
for  my  part  think  that  it  is  a  very  high  comphraent  to  the  value 
of  that  communication.  When,  theroforo.  Dr.  Siemens  makes  the 
assertion  that  the  fi-iction  of  a  cable  tlirough  the  water  varies  as 
the  rate,  and  not  as  the  square  of  the  rate,  I  think  it  is  a  pity  ho 
has  not  given  us  some  data  coUected  from  tlic  experimonta  which 
he  haa  doubtless  made,  instead  of  making  the  bald  assertion  that 
the  fi.'iction  varied  as  the  velocity  and  not  aa  the  square  of  the 
velocity. 

And  whilst  on  tliia  point  I  will  draw  attention  to  a  circumstance 

I  to  which  I  had  my  attention  first  drawn  in  connection  with  the 

Atlantic  cable,   and  that  is :   granting  for  the  sake  of  argument 

that  Dr.  Siemens  is  correct  when  he  states  that  a  smooth  cable 

passing  through  the  water  experiences  a  friction  in  proportion  to 
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its  speedy  still  these  are  not  the  conditions  of  a  cable  like  the 
Atlantic  passing  into  the  water.  That  cable,  as  you  know,  is 
covered  with  a  certain  number  of  steel  wires  covered  with  "hemp, 
and  coated  with  a  substance  known  as  Clarke's  Mixture.  Now, 
the  whole  of  this  presents  a  smooth  exterior,  but  the  moment  the 
cable  is  passed  round  the  drum  it  becomes  flat  in  shape,  and  you 
have  a  number  of  fibres  sticking  out  of  the  cable. 

We  find  that  the  cable,  instead  of  being  smooth,  is  now  bristled 
all  over  with  filaments.  Now,  a  cable  going  down  horizontally 
through  the  water  experiences  retardation  in  proportion  to  the 
square  of  the  velocity.  Each  of  these  fibres  is  in  a  position  per- 
pendicular to  the  cable,  so  that  while  the  greater  part  of  the  cable 
will  obey  one  law — the  results  perhaps  varying  with  the  speed — 
each  of  these  hundred  thousand  filaments  obey  the  other  law ;  and 
it  is  a  pity  we  have  not  experimental  data  to  prove  how  far  one 
law  predominates  over  the  other. 

During  the  paying-out  of  the  1865,  1866,  and  1869  Atlantic 
cables,  in  order  to  allow  the  necessary  amount  of  slack  to  run  out,  and 
to  evade  possible  irregularities  at  the  bottom,  it  was  necessary  to 
reduce  the  strain  upon  the  cable  to  one-third  or  one-fourth  the 
weight  of  the  length  of  cable  that  would  have  hung  had  the  line 
been  perpendicular  to  the  bottom.  There  is,  indeed,  no  difiiculty 
in  the  mechanical  operation  of  laying  a  cable,  provided  it  comes 
out  of  the  tank  without  getting  entangled,  or  getting  foul  of  its 
machinery,  and  the  amount  of  strain  is  so  small  that  no  risk  arises 
upon  that  score,  and  no  trouble  need  be  experienced.  But  where 
the  difiiculty  is  experienced  is  when,  owing  to  any  cause,  you  have 
to  haul  back  the  cable.  The  cable  has  now  to  be  lifted  sideways, 
against  the  water,  and  the  resistance  of  doing  that  is  so  great  that, 
in  1869,  when  pulling  up  a  cable  fi'om  a  depth  of  2,400  fathoms, 
more  than  twice  the  strain  due  to  the  weight  of  the  cable  had  to 
be  applied,  and  then  the  cable  did  not  come  in  so  fast  as  half  a  mile 
an  hour.  There  is  the  difficulty,  that  you  have  not  only  to  lift  it 
from  the  bottom,  but  to  lift  it  broadside  upwards  against  the  water, 
and,  consequently,  you  are  obliged,  in  deep  water,  to  lift  the  cable 
very  slowly,  or  you  are  bound  to  break  it. 

Another  portion  of  the  paper  refers  to  a  subject  in  which  I  am 
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personally  interested ;  that  is,  in  the  testing  of  faults.  Aft  early  as 
1847,  in  the  London  street  wires,  I  found  it  shortened  the  opera- 
tion of  removing  faults  very  much  to  be  able  to  indicate  by  the 
measurement  of  the  strengths  of  current  what  was  the  leogth  of 
line  under  test.  The  faults  we  had  were  principally  caused  by  the 
solder  of  the  joints  running  in  and  forming  contact  with  one  or 
more  of  the  copper  wires,  thus  causing  what  is  technically  called 
"metallic"  contact.  It  then  became  necessary  to  measure  the 
resistance  between  the  wires  and  the  leaden  tube  which  was  then 
used.  That,  I  think,  was  the  first  practical  test  for  faults,  and  it 
was  a  daily  practice  with  me  for  months ;  still,  there  can  be  no 
question  that  the  first  algebraical  formulae  showing  how  to  get  at 
the  position  of  a  fault  were  published  by  Dr.  Siemens.  The  paper 
containing  this  was  printed  in  March  1852,  and  afterwards  in 
German  in  PoggendorTs  Annals.  In  that  paper  he  gave  a  method 
which  was  practicable,  provided  you  had,  as  he  required,  two  com- 
parable galvanometers — a  rather  diflicult  thing  1p  find  in  those 
days.  He  has,  however,  it  appears,  since  modified  this  method 
very  considerably.  It  was  about  the  year  1857  I  published  a  for- 
mula, unaware  of  the  one  for  getting  the  position  of  faults  in  wires 
by  testing  from  one  end ;  and  at  that  time  I  thought  this  was  the 
first  attempt  to  indicate  the  position  of  a  fault  by  this  means.  It 
was,  however,  original  in  this  respect, — that,  while  Dr.  Siemens 
required  two  operations,  with  comparable  instruments  at  each  end, 
in  my  case  only  one  operation  was  required  at  one  end ;  and  that 
method  is,  on  that  account,  very  often  very  convenient. 

In  1857  Messrs.  Glass,  Elliot,  and  Co.  made  a  cable  for  the 
Electric  and  International  Telegraph  Company,  which  was  sub- 
merged between  England  and  Holland.  During  the  submersion 
of  this  cable  a  fault  appeared  in  No.  2  wire.  The  vessel  was 
stopped :  tests  were  made.  I  said,  after  some  hesitation,  the  fault 
must  be  on  board.  Tests  being  a  new  thing  then  to  Glass,  Elliot, 
and  Co.,  and  there  being  no  proper  picking-up  apparatus  on  board, 
it  was  decided  to  lay  the  cable  and  repair  it  afterwards.  The  cable 
was  accordingly  laid,  but  before  we  reached  the  other  side  a  fault 
appeared  in  No.  4  wire,  although  of  a  smaller  character.  The 
method  of  testing  to  which  I  have  just  referred  answered  very  well 
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for  obtaining  the  position  of  the  fault  in  No.  2  wire,  which  was  a 
metallic  fault,  one  conducting  wire  being  in  contact  with  the  other 
wire  :  this  was  shown  by  the  fact  that  there  was  no  polarization 
from  this  fault,  but  all  attempts  to  get  at  the  distance  of  the  fault 
in  No.  4  wire,  after  two  days'  labour,  entirely  failed.  We  could 
get  no  nearer  to  it  than  to  within  a  distance  of  about  thirty  miles, 
because  the  resistance  of  the  fault  was  constantly  varying.  When 
I  came  back  to  London  I  set  myself  thinking  over  this,  and  the 
result  was  the  loop  test.  I  went  back,  tried  it,  and  with  good 
results,  for  resistanct^  were  obtained  which  did  not  vary  a  mile. 
The  loop  test,  which  is  familiar  to  you  all,  I  published  in  the  year 
1858. 

In  the  following  year  a  trial  of  the  value  of  the  loop  test 
took  place  between  Glass,  Elliot,  and  Co.,  and  Mr.  Boswell,  who 
was  in  the  service  of  Mr.  Newall,  it  having  transpired  that  a 
man  in  the  employ  of  Mr.  Newall  had  driven  a  nail  into  the 
cable  for  the  pj^rpose  of  destroying  it.  On  coming  to  the  fault 
in  the  No.  4  wire  I  found  that  several  attempts  had  been  made 
to  injure  the  cable,  although  they  had  resulted  in  only  one  minute 
fault. 

That  is  the  first  instance  I  know  of  endeavouring  to  meet  and 
successfully  meeting  the  difficulty  of  dealing  with  a  variable  fault. 
Dr.  Siemens  seems  to  claim  that  for  himself,  but  inasmuch  as  this 
was  published  first  in  my  patent  of  1858,  and  again  in  1859,  before 
the  Committee  of  the  Privy  Council,  and  again  in  1860  before  the 
British  Association,  I  take  this  opportunity  of  claiming  for  myself 
both  these  two  methods  to  which  I  have  referred,  and  I  believe  I 
am  fully  entitled  so  to  do. 

I  have  still  a  few  more  remarks  to  make,  but,  as  the  time  for 
closing  the  meeting  is  already  past,  I  shall  defer  these  until  our 
next  meeting. 

The  discussion  was  then  adjourned. 
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The  following  Candidates  were  balloted  for  and  declared  duly 
elected : — 

Foreign  Members  : 

H.  A.  M.  Boeder 
I.  de  Jager 
G.  Blocklinis 
R  von  Eldik 
I.  C.  Evers 
M.  C.  de  Graaffe 

Members: — 

Wilhelm  Kieser 
Andrew  T.  Maginniiy 
H.  Izaak  "Walton 
William  Ladd 
H.  M.  O'KeUy 

Associates  : 

Frank  Fisher 
George  W.  Frodsham 
George  C.  Bompas 
William  Gurdon 
John  D.  Barry 
S.  Butcher 
J.  PhiUips,  R.E. 

The  Meeting  then  adjourned. 
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The  Forty-fourth  Ordinary  General  Meeting  was  held  on  Wednes- 
day, the  23rd  February,  1876,  Mr.  C.  V,  Walker,  F.R.S., 
President,  in  the  Chair. 


The  President  said :  At  the  last  meeting  the  paper  read  was 
by  Dr.  Werner  Siemens,  "  On  the  Theory  of  Submerging  and 
Testing  Submarine  Telegraphs."  Mr.  Varley  was  on  his  legs  when 
the  time  arrived  for  closing.  I  shall  therefore  call  upon  Mr.  Varley 
to  continue  the  remarks  he  has  to  oifer ;  but  before  doing  so  I  may 
be  allowed  to  supply  an  omission  in  a  matter  of  date  and  history 
which  occurred  in  Mr.  Varley's  remarks.  I  am  not  surprised  at 
an  item  or  so  escaping  notice  when  going  into  dates,  among  which 
I  have  myself  been  floundwing  for  some  time,  and  have  been 
feeling  the  diiBBculty  of  making  them  complete  and  accurate.  With 
regard  to  the  early  history  of  gutta-percha  wire  in  this  country, 
on  referring  to  the  abridged  list  of  patents  taken  out  from  1627  to 
1857,  published  by  the  Commissioners  of  Patents,  I  find  the  first 
three  patents  taken  out  for  telegraph  wires  covered  with  gutta- 
percha are  these,  viz.  in  1848,  April  27th,  by  W.  H.  Barlow  and 
Thomas  Forster ;  the  Barlow  part  having  reference  chiefly  to  instru- 
ments, and  the  Forster  part  to  gutta-percha  covered  wire.  On  the 
following  day,  that  is  on  the  28th  of  April,  I  sent  to  Mr.  Forster 
two  miles  of  wire  to  cover  with  gutta-percha.  His  plan  was  to 
pass  two  strips  of  gutta-percha  between  grooved  rollers  heated  by 
steam,  with  eight  or  ten  wires  between  the  strips ;  and  the  two 
bands  of  gutta-percha  were  thus  pressed  together  around  the  wires, 
and  the  covered  wires  were  nearly,  if  not  completely,  cut  apart  by 
the  process.  The  patent  referred  to  by  Mr.  Varley  as  the  first 
patent 

Mr.  Varley  :  I  beg  your  pardon ;  it  was  Mr.  Willoughby  Smith 
and  not  I  who  made  those  remarks. 

The  President  :  I  beg  Mr  Varley's  pardon.  The  second  patent 
for  gutta-percha  covered  wire  was  by  Mr.  Lewis  Ricardo,  and  dated 
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September  4th,  1848,  and  the  third  was  dated  April  23rd,  1850,  by 
Mr.  Sietneus,  Those  were,  as  far  as  I  can  ascertain,  the  first 
pat«nta  that  were  taken  out  in  this  country  for  covering  wires  with 
gutta-percha. 

Mi'.  Vakley,  F.R.S-  :  I  believe  on  the  last  occasion  I  omitted  to 

mention  that  the  first  real  attempt  at  making  and  laying  a  submarine 

cable  was  that  of  the  Submarine  Telegraph  Company,  and  I  think 

there  can  be  no  doubt  whatever  that  Mr.  Jacob  Brett  and  his  cou- 

.  were  the  people  who  first  of  all  had  tho  courage  to  find 

money  and   had   tho   boldness  to   make  a  cable  and  lay  it 

3ee8sfa]ly.     In  speaking  of  the  printed  copy  of  this  paper  I 

mentioned  in  passing  the  method  of  testing  as  being  that  of  Mr. 

Latimer  Clark.     When  the  Atlantic  Cable  failed  in  1865  Sii-  W. 

Thomson  and  I  were  engaged  by  the  Telegraph  Construction  and 

Maintenance  Company  to  advise  them  as  to  the  best  means  to 

be  adopted  for  testing  the  cable  of  1866.     We  recommended  the 

system  intcoduced  by  Mr.  Willoughby  Smith  for  measuring  cm-- 

rents  at  the  receiving  end  by  interposing  gi'eat  resistance  at  that 

cndj  which  did  not  interfere  aenaibly  with  the  insulation  of  the 

cable  but  yet  allowed  the  receiving  station  to  receive  fi'om  time  to 

time  signals  from  the  ship.     At  that  time  wo  prepared  wliat  has 

ever  sineo  been  called  tlie  potential  method,  that  was  the  method 

■  of  measuring  tho  potential  first  at  the  junction  between  tlie  testing 

Bjbattfiry  and  the  resistance ;  secondly,  at  the  junction  between  the 

^^Bble  and  the  resistance  ;  and  lastly,  at  the  difi'eront  ends.     This 

^^Bethod  will  be  found  in  tlie  archives  of  the  Telegraph  Construc- 

^^Bdh  and  Maintenance  Company  about   November  or  December 

^865. 

Mr.  Lawes  and  Mr.  Willoughby  Smith  recommended,  instead 
of  the  use  of  &  galvanometer,  the  use  of  condensers,  which  should 
be  applied  to  these  points  and  simultaneously  discharged  through  a 
galvanometer,  to  measure  this  potential.  Sir  William  Thomson 
was  in  favour  of  the  electi'ometer,  whilst  I  was  in  favour  of  tho 
galvanometer;  but  it  was,  in  effect,  all  the  same  thing,  merely 
under  difi'erent  colours.  On  pages  17  to  20  in  the  printed  paper 
Dr.  Siemens  produces  a  method  which  I  cannot  see  veiy  well, 
which  is  shown  in  figure  2  :  it  consists  of  applying  such  a  battery 
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at  this  end  and  such  a  battery  at  that  end  as  shall  produce  equal 
potential  at  either  terminus.  Now,  if  yon  had  your  cable  in  the 
room,  and  your  fault  was  a  metallic  arc,  so  that  there  was  no  vari- 
ation of  the  fault,  you  might  apply  that  method  with  success.  I 
discussed  that  method  in  1869  with  Mr.  Charles  Hockin,  and  later 
with  Sir  William  Thomson.  I  endeavoured  to  put  it  in  operation 
on  the  French  Atlantic  cable  in  1872,  but  owing  to  the  con- 
tinued variation  of  the  earth-currents  it  was  impossible  to  get  any 
reading  that  was  of  value.  In  fact,  all  ordinary  methods  applied 
to  that  particular  fault  (where  the  resistance  was  from  25,000  to 
30,000  ohms)  were  useless  for  finding  it  out  They  were,  indeed, 
such,  that  at  one  time  they  might  give  the  fault  at  San  Francisco, 
and  at  another  at  St.  Petersburg ;  therefore,  it  was  necessary  to 
adopt  another  method  to  get  over  that,  and  this  is  the  method 
which  I  adopted  with  complete  success.  I  sent  out  a  signal  to  St. 
Pierre  to  charge  his  battery  with  sawdust  mixed  with  oxide  of 
zinc,  and  solution  of  zinc  sulphate  for  the  zinc  cells,  and  to  take 
care  that  no  copper  got  into  those  cells.  The  zinc  plates  were 
amalgamated  eyevy  morning.  The  copper  cells  were  charged  with 
a  solution  of  neutral  sulphate  of  copper.  By  this  means  you  get  a 
battery,  the  diiferent  cells  of  which  will  not  vary  much,  and,  this 
being  a  battery  of  forty  cells,  they  gave  a  very  uniform  result,  so 
that  we  were  able  at  each  station  to  get  a  sufficiently  accurate 
measure  of  potiCntial  by  means  of  this  battery  and  resistance 
apparatus.     [Illustrates.] 

The  result  was,  that,  although  the  fault  varied,  yet  we  deter- 
mined the  position  of  it  within  three  miles,  not  by  any  one  test  but 
by  a  mean  of  a  number  of  tests,  for  they  varied  very  much  even 
with  all  precautions.  It  was  the  more  important  to  determine 
accurately  the  position  of  this  fault,  because,  had  it  been  three  miles 
further  oif  instead  of  being  in  230  fathoms  of  water,  it  would  have 
been  in  2,000.  Now,  in  this  method,  with  constantly-shifting 
earth-currents  between  the  fault  at  one  end  and  the  other,  it  is 
impossible  ever  to  adjust  the  batteries  on  either  side  so  as  to  get 
reliable  readings.  As  T  have  said  before,  the  first  person  to  deal 
with  variable  earth-readings  was  myself;  but  the  subject  was  one 
which  occupied  the  attention  of  other  persons,  and^  amongst  others. 
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Mr.  Murray  produced  (in  1869)  a  method  which  can  bo  used  in 
tlie  factory  with  great  advantage  when  you  can  get  at  hoth  ends  of 
the  line. 

The  last  remark  I  have  to  make  is  that  submarine  cables  are 
nndoubtedly  of  English  origin  and  design.    The  first  real  praeticable 
cable  was  made  under  the  auspices  of  Mr.  Jacob  Brett.     It  was 
English  capital  that  led  to  the  construction  of  that  cable :  it  was 
English  capital  that  led  to  the  construction  of  the  first  long  cable  : 
and  I  am  not  going  too  far  when  I  say  that  it  was  due  to  English 
pluck  and  to  English  perseverance  that  we  have  any  cables'at  all. 
To  this  I  wiO  fiu-Uier  add  that  the  electricians  of  England  were  the 
first  to  ascertain  the  positions  of  feulte  by  testing,  although  I  admit 
that  Dr.  Werner  Siemens,  who  is  perhaps  the  greatest  telegi-aph 
^•luithority  on  the  Continent,  was   the  first   person   to  produce   a 
^■brmola  for  ascertaining  the  distance  of  a  fault. 
^V    Mr.  C.  W.  Siemens,  F.R.S,:  I  thoroughly  concur  with  the  uon- 
^^^ading  remarks  of  the  last  speaker  that  submarine  telegraphs  are 
■I  specifically  English  enterprises.     I  might  go  further,  and  say  every 
W  flnbrnarina  cable  which  is  now  working  is,  aimost  without  excep- 
tion, the  produce  of  this  country,  and  has  been  shipped  from  the 
l%ames. 

»"With  regard  to  my  brother's  paper,  it  was  remarked  on  the  last 
occasion  that  it  is  essentially  a  theoretical  paper.     It  was  intended 
to  be  such,  and  I  am  glad  it  has  elicited  such  able  remarks  as  those 
which   have   fallen   from   Mr.    Vorley.      We  have   all   heard   of 
"Varley's  fault"  in  the  French  Atlantic  Cable,  and  I  have  been 
1      glad  to  hear  the  method  employed  for  finding  the  position  of  that 
^B&ult  with  such  accuracy.     The  difficulty,  and  the  only  difficulty  in 
^H^e  way  of  determining  the  position  of  audi  faults,  is  the  earth 
^"currents,   and  Mr.   Varley  has   dealt  with  great  success  in  this 
instance  with  those  disturbing  influences,  and  has  worked  upon  a 
different   method  to  that  pursued  by  my  brother,  who   wished 
to  reduce  the  effect  of  polarisation  at  the  (joint  of  the  fault  to  a 
minimum  by  eliminating  for  the  time  being  the  earth  current,  and 
taking  the  earth  current  and  batteiy  current  together,  producing 
an  equihbriura  at  the  point  of  the  fault.     That  is  a  method  wliich 
I  think  is  well  worthy  of  tlie  consideration  of  practical  telegraphists, 
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but  there  are  more  roads  than  one  leading  to  Bome^  as  is  proved 
by  the  success  of  Mr.  Varley's  method. 

Regarding  the  early  history  of  gutta-percha  which  was  discussed 
at  the  last  meeting  of  the  Society  I  wish  to  make  a  few  remarks. 
I  may  say  I  stood  on  the  threshold  when  gutta-percha  was  first 
introduced  into  this  country.  This  was  I  believe  in  the  winter  of 
1844-5,  and  not  in  1843  as  stated  by  Mr.  Willoughby  Smith, 
because  I  recollect  well  seeing  the  first  specimen  of  gutta-percha 
exhibited  at  the  Society  of  Arts,  T  think  by  Mr.  Montgomerie. 
At  that  time  I  was  young  and  enthusiastic,  and  I  begged  Mr. 
Montgomerie  to  give  me  a  piece  of  this  wonderful  stufi*,  the 
contemplated  application  of  which  did  not  seem  to  go  beyond  the 
formation  of  whips  and  similar  articles.  He  was  kind  enough  to 
give  me  a  piece,  which  I  forwarded  to  my  brother  Dr.  Werner 
Siemens,  who  was  at  that  time  an  oiBBcer  in  the  Prussian  service, 
and  a  junior  member  of  a  Commission  appointed  to  report  upon 
the  feasibility  of  telegraphs.  He  had  the  idea  that  the  wires 
should  be  covered  with  india-rubber  and  laid  under  ground,  and  I 
sent  him  this  piece  of  gutta-percha  in  order  that  he  might  try 
whether  it  was  not  superior  to  india-rubber  for  insulation  pur- 
poses. He  did  so,  and  after  some  time,  having  procured  for  him 
at  his  request  a  further  supply,  he  made  experiments,  and  in  the 
course  of  about  twelve  months  he  proposed  to  the  Prussian 
Government  the  use  of  gutta-percha  for  insulating  the  telegraphic 
line  wire.  In  the  first  place  he  tried  to  unite  two  stinps  of  gutta- 
percha round  the  wire,  and  the  line  firom  Berlin  to  Grossbehi'en 
was  laid  in  1846  in  that  way.  It  was  soon  found,  however,  that 
the  moisture  penetrated  to  the  wires,  and  this  led  my  brother  to 
design  a  machine  which  is  still  in  existence  and  was  exhibited  at 
Vienna,  and  which  is  very  similar  to  that  used  for  maccaroni  making. 
This  machine  was  designed  in  1847,  and  in  the  early  part  of  1848 
some  hundreds  of  miles  and  in  1849  some  thousands  of  miles  of 
wires  made  by  means  of  it  were  laid  in  Germany.  My  brother  did 
not  at  that  time  take  out  a  patent  for  his  machine  because  he  w^s 
in  the  Government  service,  and  as  it  had  been  done  partly  on  behalf 
of  the  Government  it  had  become  public  to  a  great  extent :  the  patent 
referred  to  as  having  been  taken  out  by  him  in  1850  will  be  found 
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to  embrace  only  some  improvements  in  this  machine.  Hence  it  ia 
an  undoubted  fact  that  gutta-peroha  was  applied  to  the  insulation 
of  wire  in  Germany  several  years  before  tlie  patents  mentioned  by 
the  President  this  evening  as  having  been  taken  out  in  1848.  I 
ahould  correct  myself.  The  patents  taken  out  in  England  in  1848 
were  for  covering  the  wire  between  strips  of  gutta-percha,  a 
method  which  had  been  tried  by  my  brother  in  Germany  in  1846 ; 
but  tlie  covering  of  gutta-percha  by  means  of  a  machine  working 
on  tl\e  principle  of  a  lead  piping  or  macearoni  machine  was,  I 
think,  not  adopted  by  the  Gutta-percha  Company  until  1850. 
Therefore,  although  submarine  telegraphy  is  decidedly  an  English 
enterprise  it  must  be  admitted  that  much  has  also  been  eSected 
abroad  to  bring  appliances  to  their  present  state  of  perfection. 

Another  remark  I  think  fell  from  Mr.  Varley  with  reference  to 
water  tanks  on  hoard  vessels,  and  he  implied  that  my  brother 
claimed  tbo  introduction  of  those  tanks.  If  he  refers  to  the  pajier, 
Mr.  Varley  will  find  that  is  not  the  case.  Ho  does  not  claim  tho 
tanks,  but  says  they  were  introduced  in  England.  But  it  so 
happens  I  have  had  a  groat  deal  to  do  myself  with  the  employment 
of  these  tanks.  Whether  I  was  absolutely  the  first  to  broach  tho  idea 
or  not  I  will  not  say.  It  might  have  ooenrredto  several,  but  may  I 
say  this,  that  in  1859,  when  the  Eangoon  and  Singapore  cable  was 
carried  out  for  the  Board  of  Trade  I  was  employed  to  test  that 
cable,  and  I  strongly  urged  upon  the  Government  the  construction 
of  water-tight  tanks  on  board  the  steamship  "British  Queen." 
The  matter  was  referred  by  Messrs.  Glass  and  Elliott  to  the  con- 
structors of  the  ship  at  Newcastle,  who  wrote  a  letter  to  the  Board 
of  Trade  stating  that  they  thought  it  impracticable,  that  water-tight 
tanks  consti'ucted  on  hoard  ship  would  inevitably  fiiil  on  account  of 
the  natural  motions  of  the  ship,  and  my  recommendation  was 
negatived.  This  was,  perhaps,  fortunate,  because  it  gave  rise  to  the 
first  apphcation  of  the  resistance  thermometer  for  ascertaining  tho 
fact  that  a  cable  is  subject  to  spontaneous  generation  of  lieat  when 
coiled  in  a  dry  tank,  and  of  proving  the  absolute  necessity  of 
water-tight  tanks,  whicli,  as  is  well-known,  have  been  in  use  ever 

I  ahould  like  to  make  a  few  remarks  regai'ding  an  obsei-vation 


84  SUBMERGING  AND  TESTING  [23rd  Feb. 

that  occurs  in  the  paper  where  my  name  has  been  mentioned  in 
connection  with  a  method  of  finding  the  depth  of  water  below  the 
ship  in  paying  out  a  cable,  and  as  this  is  a  matter  of  some  interest 
I  will  explain  more  fiilly  in  what  this  method  consists.  It  was 
used  first,  I  may  say,  by  myself  in  laying  the  first  section  (the 
shore  end)  of  the  Direct  United  States  Cable,  the  other  section 
having  been  laid  partly  by  my  brother  Mr.  Carl  Siemens,  and 
partly  by  Mr.  Loeffler.  We  passed  across  considerable  depths  of 
water.  The  first  cable  laid  was  laid  upon  the  solid  bottom  of  the  sea. 
The  second  cable  was  laid  very  much  to  the  south  of  the  first,  so 
as  to  leave  sufficient  distance  between  the  two  cables.  We  did  not 
know  the  depth  of  water  between  the  shore  and  the  extreme  end 
of  this  headland  {illustrating  on  the  board) ;  and  as  the  cable  was  a 
heavy  one  it  was  important  to  know  the  depth.  Most  of  you 
know  that  in  paying  out  a  cable  from  a  drum  there  is  really  no  direct 
indication  of  the  depth  of  sea  below  the  ship.  The  strain  which  is 
applied  is  meant  to  be  such  as  to  balance  the  weight  of  the  cable 
from  the  ship  down  to  the  bottom  of  the  sea ;  but  if  the  depth  is  not 
known  it  is  difficult  to  say  what  the  retarding  force  should  be.  By 
applying  too  much  you  get  a  tight  cable;  with  too  little,  much  cable 
is  lost  in  depths  which  are  considerable.  The  motion  of  the  ship 
through  the  water  is  not  a  sufficient  criterion,  because  you  may  be 
moving  with  the  water  at  a  considerable  rate.  But  there  is,  never- 
theless, a  method  which  the  practical  cable-layer  may  resort  to  for 
finding  out  whether  he  is  paying  out  the  proper  amount  of  slack  or 
not,  and  by  the  same  means  ascertain  the  depth  of  water  below. 
Assume  that  the  cable  runs  out  over  the  drum,  with  a  dynamometer 
attached  to  it,  at  the  rate  of  five  knots  an  hour,  and  the  strain  is 
one  ton.  This  may  be  a  proper  amount  of  cable  to  be  paid  out 
upon  the  ground ;  but  it  may  be  the  ship  is  going  only  three  knots 
an  hour  over  the  ground  instead  of  five.  To  ascertain  whether  it 
is  so  or  not — the  strain  being  twenty  cwt  on  the  dynamometer — 
increase  the  strain  by  another  cwt.,  and  then  carefiilly  note  the 
number  of  revolutions  of  the  wheel  per  minute.  If  the  increase  of 
one  cwt.  has  no  efiect  upon  the  number  of  revolutions  of  the  paying- 
out  drum,  then  it  is  pretty  sure  that  unnecessary  slack  is  not  being 
paid  out ;    but  if  the  increase  of  one  cwt.  on  the  dynamometer 
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'causes  the  number  of  revolutions  to  fall  sensibly — say  from  fifteen 
or  sixteen  revolutions  per  minute  to  fourteen — then  too  much  slack 
is  being  paid  out,  and  the  weight  should  be  increased.  If  the  ease 
is  doubtful  I  would  pnt  on  a  considerable  amount,  say  three  or  four 
cwt.  This  would  (if  a  great  deal  of  slack  is  being  paid  out)  stop 
the  break-wheel,  and  the  ship  will  pass  over  the  ground  without 
fpaying. 

The  pREsroENT :  In  continuation  of  this  discussion  we  have  s 
communication  from  Mr.  Sabine,  with  some  extracts  from  ihe 
correspondence  of  the  late  Sir  Charles  Wheatstono,  having  reference 
to  his  early  views  and  his  experiments  with  submarine  cables ;  but 
it  is  possible,  as  we  have  been  talking  of  the  early  history  of  gutta- 
percha wires,  that  Mr.  Forster,  who  is  present  this  evening,  might 
feel  disposed  to  say  a  few  words  as  to  his  early  experience  of  the 
insulation  of  wires  with  gutta-percha  in  England. 

Mr.  FoKSTEB :  I  did  not  expect  to  be  called  upon  to  speak,  but 
I  can  tell  you  the  original  mode  adopted,  and  why  it  did  not 
succeed  eflectively.  The  plan  of  canying  the  thing  out  was  to 
cleanse  the  gutta-percha,  which  was  done  first  by  putting  it 
through  a  colander  and  washing  and  masticating  it  between  two 
hot  rollers,  then  putting  it  between  two  pairs  of  rollers  one  above 
the  other,  with  guides  at  the  aides,  so  that  the  gutta-percha  was  put 
into  the  top  pair  and  into  the  lower,  and  both,  acted  upon  by  the 
same  motion,  brought  out  a  strip  each  about  four  inches  wide. 
These  were  token  to  a  pair  of  fluted  rollers  made  to  carry  twelve 
wires  through  the  flutes,  one  strip  being  placed  over  and  the  other 
under  the  wire ;  the  band  of  gutta-percha  and  wire  came  out  at 
jflie  other  end  as  a  complete  belt,  and  the  edges  of  the  flutes  nearly 
fcut  through.  But  you  are  aware  that  gutta-percha  is  charged  with 
L  large  amount  of  woody  substances,  and  it  is  difficult  to  get  rid  of 
fetmm  thoroughly ;  and  the  result  was  in  the  first  instance  numerous 
mults  in  the  wires  when  they  were  tested.  Affer  the  difficiddes 
n  connection  with  that  were  overcome,  wires  were  laid  and  used. 
E  believe  the  whole  of  the  wires  through  the  tunnels  on  the  South 
Eastern  Railway  were  so  laid,  and  it  was  found  to  be  of  great  ad- 
Bantege.  But  very  shortly  after  that  a  great  improvement  was 
Bade  by  the  Gntta-porcha  Company,  I  think  under  the  auspices  oC 
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Mr.  Beverley,  and  I  am  of  opinion  that  it  was  called  his  patent  at 
the  time.  That  had  this  advantage  over  my  plan.  It  was  a  cylinder 
with  a  small  box  at  the  side,  the  one  in  fact  now  used.  The  cylinder 
was  kept  hot  by  a  steam  jacket,  the  gutta-percha  was  put  into  it,  a 
piston  was  driven  down,  and  at  the  extreme  end  was  a  small  box 
with  a  trough  of  water,  and  a  thin  coating  of  gutta-percha  was  put 
upon  the  wires  each  time  of  passing  through  the  cylinder.  The 
wires  had  several  coatings  of  gutta-percha  put  on  them,  so  that  the 
faults  of  one  coating  were  remedied  by  that  which  was  put  on  after- 
wards ;  and  this  made  a  very  perfect  article,  both  for  use  and  in 
appearance.  Prior  to  that  the  Chairman  of  the  Electric  Telegraph 
Company,  who  was  of  course  acquainted  with  the  plan  I  adopted, 
patented  a  mode  of  keeping  the  wires  in  one  band  of  gutta-percha 
instead  of  separately.  But  it  was  found  that  the  union  of  the  two 
strips  of  gutta-percha  was  not  so  perfect  as  was  anticipated,  and 
consequently  the  plan  did  not  answer  well  for  telegraphic  purposes. 
The  Secretary  then  read  the  following  communication  from 
Mr.  Bobert  Sabine : 

26,  Cumberland  Terrace,  Regent's  Park,  N.W. 
loth  February,  1876. 

To  the  Secretary  of  the  Society  of  Telegraph  Engineers. 

Dear  Sir, — As  the  Members  of  the  Society  of  Telegraph  Engineers 
have  at  the  moment  under  discussion  the  subject  of  Submarine 
Telegraphy,  it  has  been  suggested  to  me  that  it  might  be  interesting 
to  them,  from  a  historical  point  of  view,  to  inspect  the  drawings 
made  to  illustrate  the  earliest  plan  on  record — ^that  suggested  by  the 
late  Professor  Wheatstone — for  the  establishment  of  a  submarine 
telegraph  between  France  arid  England. 

I  have  therefore  sent  you  these  drawings,  and  I  shall  be  much 
obliged  if  you  will  kindly  have  them  placed  upon  the  table  for  the 
inspection  of  the  Members  at  the  next  meeting. 

Prom  the  perusal  of  old  letters  which  have  recently  come  into 
my  possession,  I  find  that  a  submarine  electric  telegraph  was,  as 
early  as  1837,  a  theme  upon  which  Professor  Wheatstone  was 
greatly  interested,  and  upon  the  preliminary  details  of  which  he 
appears  to  have  spent  a  good  deal  of  time. 
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The  earliest  printed  mention  of  tliia  soheme  is  to  bo  fonnd  in  tlio 

ifth  Bailway   Heport  of  the  Select  Committee  of  the  House  of 

mmons.     When  under  examination  before  this  Committee,  on 

6th  of  February,  1840,  Professor  Wheatsfone  gave  evidence 

to  Ilia  opinion  of  the  practicability  of  establishing  an  electric 

>mmunication  by  means  of  a  cable  between  Dover  and  Calais. 

On   reference   to   Le   Fanal,   a    Brussels    paper   of   the   30th 

iptember,   1840,  you  will  find  it  stated  that:  "  M.  WTieatatone 

nae  qu'il  est  possible  cle  communiqner  avee  son  appareil  entre 

bnvres  et   Calais;  11   ri^p^te   en  ce   moment  ses   experiences   !i 

["Observatoire   de    Bnixelles,   en    presence   de   plusieurs    savans 

i^ratfiurs," 

And  in  the  Bulletin  de  VAeademie  Eoyale  de  Bruxelks,  for 

itober  7th,  1840,  you  will  find  a  notice  of  Professor  Wheat- 

me's  new  telegraph  instruments,  written  by  Professor  Qnetelet, 

which  it  ia  stated :  "  On  sera  sans  doufo  charra^  d'apprendre 

que  I'auteur  a  trouvS  le  moyen  de  transmettre  lea  signaux  entro 

I'Angleterre  et  laBelgique,   malgre  I'obstaele  do  la  mer.     Son 

voyage  se  rattaehait  en  partie  k  eette  .importaiite  op^ratiou,  qui 

K  mettrait  rAngJeterre  en  rapport  imm^diafc   avec  notre   pays,   la 

^J -France,  la  Hollande,  I'Allemagne,  et  mt'me  la  Euasie." 

^^    AAer  making  his  experiments  in  tlie  Observatory  at  Brussels, 

^^rrofesaor  Wheatstone  appears  to  have  returned  to  England  and  to 

^Rtave  occupied  himself  diligently  with  tlie  preparation  of  the  two 

^^detailed  plans  which   I  have  the  pleasure  of  sending  you.     I  find 

from  a  note  in   his  handwriting   that   they   were   completed  in 

October  1840,  and  were  exhibited  to  a  great  number  of  visitors  at 

King's  College. 

Sheet  J.  shows  the  method  of  insulating  and  making  the  cable, 
and  how  it  is  to  be  put  on  board  the  laying-ship.     It  contains : 

(1)  A  section,  end-view,  and  plan  of  the  apparatus  for 
wrappmg  the  copper  conductor  with  its  insulating  cord  ; 

(2)  The  elevation  and  end-view  of  a  machine  for  simul- 
taneously covering  seven  such  wires  to  form  a  cable  ; 

(3)  A  section  and  plan  of  a  machine  for  binding  the  seven 
covered  wires  with  an  outer  serving  of  cord  so  as  to  com- 
bine them  into  a  cable  ;  and, 
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(4)  Along  the  bottom  of  the  drawing  how  the  cable,  in  its 
various  stages,  is  to  be  passed  through  baths  of  insulating 
material,  and  how  it  finally  reaches  tlie  ship. 
Sheet   II.  shows  the  proposed  route  of  this  cable,  and  the 
methods  of  laying,  joining,  and  under-running.     It  contains  : 

(1)  A  section  and  chart  *  of  the  channel  between  the  South 
Foreland  and  Cape  Grisnez  ; 

(2)  The  cable-barge  being  towed  by  a  steamer  and  paying 
out  the  cable ; 

(3)  A  section  and  plan  of  the  stem  end  of  the  cable-barge, 
showing  three  of  the  drums  on  which  the  cable  was  to  be 
sent  to  sea ; 

(4)  The  method  of  connecting  the  end  of  the  cable  from  one 
drum  to  that  on  another ; 

(5)  The  steamer  under-running  to  find  a  fault ;  and  finally, 

(6)  A  section  and  perspective  of  a  piece  of  the  proposed 
cable. 

These  drawings  were  executed  for  Professor  Wheatstone  by  a 
Polish  draughtsman,  named  Lutowski,  who  was  at  the  time  in  his 
employ. 

I  find  a  MS.  article  in  his  handwriting,  entitled,  ^*  On  a  means 
of  establishing  an  Electric  Telegraph  between  the  coasts  of  England 
and  France,"  in  which  occurs  the  following  passage  :  "  Each  wire 
should  form  the  core  of  a  rope  line  well  saturated  with  boiled  tar, 
and  all  the  lines  be  made  into  a  rope  prepared  in  the  same 
manner."  This  gives  an  idea  of  the  kind  of  insulation  contem- 
plated in  1840. 

In  the  year  following  (1841),  Professor  Wheatstone  appears  to 
have  gone  with  his  scheme  and  these  drawings  to  Paris.  During 
his  stay  there,  he  says,  in  a  MS.  note,  that  he  let  Mr.  J.  Joseph 
Silbermann  take  tracings  of  the  drawings,  f 

Professor  Wheatstone  does  not  appear  to  have  confined  his  cable 
scheme  to  joining  France  and  England ;   for  towards  the  end  of 

*  "  Captain  White's  chart  of  the  English  Channel,  given  me  hy  Captain  Beaufort." 
— ^MS.  nDte. 

t  "  These  tracings  I  find,  from  a  letter,  dated  22  July,  1856,  from  Mr.  Silbermann 
(College  de  France),  were  lent  hy  him  subsequently  to  M.  PouiUet,  who  deposited 
them  in  the  Conservatoire  des  Arts  et  Metiers.'* 
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1840  I  find  him  in  coiTespoiidence  «'ith  Captain  Beaufort  of  the 
Admiralty,  wlio,  in  a  letter  dated  19tli  December,  1840,  encloses 
tlie  depths  between  Portsmouth  and  Gosport,  and  between  Port- 
patrick  and  Donaghadee,  and  pi-omiaes  further  aid  in  tlio  matter. 

But  the  Channel  telegraph  still  appears  to  have  been  the  ultimate 
object,  for  I  find  a  letter  dated  April  5,  1843,  from  his  solicitor, 
Mr.  Bichardson,  in  which,  referring  to  some  documents  then  in 
course  of  preparation,  he  saja  :  "  I  have  introduced  your  right  to 
estabhsh  telegraph  communication  between  France  and  England." 

A  preliminary  experiment  on  a  less  ambitious  scaJe  seems  how- 
ever to  have  been  wisely  determined  on.  And,  in  the  month  of 
September  1844,  there  is  a  memorandum  in  the  handwriting  of 
Professor  Wheatstone,  that  in  company  with  a  Mr.  J.  D.  Llewellyn 
he  made  esperimenta  on  submerged  insulated  wires  in  Swansea 
Bay.  I  find  a  letter  from  Mr.  J.  D.  Llewellyn  in  which  he  says 
that  they  "went  out  in  a  boat  making  communication  with  the 
Mumble-head  lighthouse   and   testing    the   efficiency   of  various 

kinds  of  insulation." "  The  old  lighthouse-keeper  had 

been  an  assistant  of  some  sort  to  W.  Snow  Harris,  and  took  great 

interest  in  what  was  going  on," "he  was  an  intelligent 

man,  and  gave  every  help  in  his  power  by  reading  the  signals  and 

eommunieating  with  us  in  the  boat." "  made  trials  in 

deep  water  and  among  wet  seaweed  on  the  shore."' 

Professor  Wheatstone  after  his  experience  in  Swansea  Bay  re- 
turned with  renewed  vigour  to  his  original  Channel  project.  Dated 
September  1845, 1  find  the  following  interesting  letter  from  him  to 
Capliain  Beaufort,  R.N,,  Admiralty  : 

"20,  Candnit  Street,  Sapl.  23rd,  1846. 

My  dear  Sir, — I  am  now  preparing  some  experiments  to  test 
die  practicability  of  establishing  an  electric  telegraph  across  the 
Channel  from  Dover  to  Calais.  To  this  end  you  were  so  kind  as 
to  give  me  several  years  ago  the  necessary  charts  and  other 
valuable   information.     You  will  add   to   the   obligation   I   then 

•  J.  Dillwjn  Llewellyn,  Penllerearo,  Swansea,  Oct.  24th,  1866.     The  conl«nta  oE 
B  letter  are  conGrmod  bj  a  letter  from  his  brother,  Mr.  L.  L.  Dillwyn,  Herdro- 
!bo,  Swansea,  23rd  October,  186G,  who  says,  "  I  well  remember  yon  making  the 
BiperiniCTita  to  which  you  allada  when  you  were  stnying  with  my  father," 
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incurred  by  assisting  me  in  the  solution  of  any  of  the  following- 
questions  ; 

"  1,  Will  the  current  at  any  part  of  the  passage  across  tba 
Channel  have  any  effect  in  cliaplaoing  a  rod  or  tube  of  lead,  being 
in  diameter  from  a  quarter  to  half  an  inch  ? 

"  2.  What  would  be  the  effect  of  a  ground-swell  on  sucb  a  rod 
or  tube  ? 

"  3.  What  is  the  depth  of  the  sand  above  the  chalk  in  various 
parts  of  the  passage  ? 

"4.  How  much  time  would  elapse  before  the  rod  or  tuba 
would  become  imbedded  in  the  sand  ? 

"  5.  Is  any  danger  to  the  tube  to  be  apprehended  from  the 
anchoring  of  vessels,  the  dredging  of  fishermen,  or  the  raking  of 
smugglers ;  and,  if  so,  how  is  such  danger  to  be  avoided  ? 

"  6.  What  is  the  effect  of  the  long-continued  action  of  sea-water 
upon  lead  ? 

"7.  Is  there  any  lighthouse  on  the  coast  of  England,  or  an 
island,  or  rock,  within  a  mile  from  the  land,  where  a  telegraphic 
communication  to  the  shore  would  be  useful  ?  Or  is  there  any 
guard-ship  for  which  it  would  be  an  object  to  transmit  instan- 
taneous intelligence  to  the  shore  ? 

"  I  remain  &c., 

"C  Wheatstosi 

The  allusion  to  lead  tube  in  some  of  these  questions  explains  the 
meaning  of  a  long  bill  which  I  find,  dated  between  December  1845 
and  May  1846,  from  Mr.  W.  H.  Darker,  of  9,  Paradise  Street, 
Lambeth,  for  making  experiments  "to  enclose  a  copper  wira 
insulated  with  worsted  and  mai'ine  glue  in  a  lead  pipe."  And  o 
11th  August,  1846,  a  bill  from  Mr.  H.  Mapple  for  "  making  nine 
thousand  feet  of  tube-protected  wire;"  enumerating  the  materials 
as  "lead,  copper  wire,  marine  glue,  and  cotton." 

Between  June  and  August  1846,  I  find  letters  from  Mr,  W.  H. 
Hatcher,  Engineer  to  the  Electric  Telegraph  Company,  with  regard. 
to  a  proposed  line  of  telegraph  in  lead  tube  for  crossing  the  barbouT' 
at  Portsmouth,  for  which  the  above  was  probably  intended. 

It  may  be  interesting  to  the  members  of  the  Society  to  kno^ 
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that  as  early  aa  1845  Professor  Wheatstone  contemplated  employ- 
ing gutta-percha  in  tlie  construction  of  his  proposed  cables ;  but 
how  he  proposed  to  apply  it  la  not  dear.     In  1845  I  find  him  in 
I  correspondence  on  the  subject  with  a  Mr.  Edward  Solly  of  Bedford 
Bow,  who  promises  to  procure  some  for  him ;  and  on  October  18th 
I  of  that  year  I  find  a  letter  from  a  Mr.  J.  S.  Lister,  lamenting  **  that 
I  there  is  no  gutta-pcrclia  in  the  market,  that  the  last  pai'cel  was 
purchased  by  Mr.  Hancock  of  Charing  Cross,  and  that  Its  value 
I  is  about  Is.  per  lb.,  that  the  supplies  expected  for  the  next  two 
I  years  hare  been  bought  up  by  some  party  who  has  a  patent  for  the 
Luse  of  it  in  an  atmospheric  Railway." 

So  far  as  I  have  had  time  to  examine  Professor  Wheatstone's 
told  papers,  I  have  not  found  much  else  than  the  above  which 
bears  historically  upon  the  subject,  hut  my  seai'ch  is  not  yet 
complete. 

The  practical  and  engineering  details  which  are  embodied  in 
these  plans  and  suggestions  appear  of  course  to  he  very  crude,  and 
the  electrical  part  to  be  very  insufficient  when  judged  by  the 
measure  of  our  present  knowledge ;  but  it  is  necessary  to  remember 
that  this  pioneering  work  was  all  in  process  of  creation  years  before 
such  a  thing  as  a  real  submarine  cable  was  seriously  attempted, 
and  the  author  of  them  bad  no  experience  of  any  analogous  opera- 
tion to  guide  him.  Viewed  in  this  light,  I  feel  sure  that  the 
Members  will  regard  these  two  drawings  as  most  interesting  relics 
in  the  earliest  history  of  submarine  telegraphy,  and  that  the  length 
of  this  letter  will  be  pardoned  in  consequence. 

I  am,  dear  Bir, 

Tours  very  truly, 

Robert  Sabine. 

Note. — The  two  accompanying  illustrations   have   been   done 
from   negatives   taken   directly  from   fac-similes  of  the  original 
drawings  by  the  photo -lithographic  process.     The  dimensions  of  the 
I  original  sheets  are  28"  x  20". 
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Mr.  F.  C.  Webb:  This  discussion  hitherto  has  formed  an  his- 
torical abstract  of  the  development  of  submarine  telegraphy,  and  I 
have  no  doubt  there  are  many  gentlemen  present  who  well  recollect 
many  points  which  have  occurred  during  the  last  twenty-five  years, 
and  I  think  it  is  our  duty  to  place  on  record  such  facts  as  we  may 
be  in  possession  of,  and  which  we  may  think  of  importance  in  an 
historical  point  of  view. 

With  regard  to  the  early  days  of  practical  submarine  cables,  I 
recollect  and  was  present  at  the  laying  from  the  "  Goliath  "  of  the 
first  Dover  and  Cape  Grisnez  unprotected  gutta-percha  insulated 
wire,  which  may  be  regarded  rather  as  an  experiment.  Subse- 
quently the  ^'  Blazer  "  payed  out  the  existing  four-wire  Dover  and 
Calais  cable,  which  has  lasted  twenty-five  years.  That  was  also  an 
experiment,  to  a  great  extent,  in  the  paying  out  work,  for  hardly 
any  machinery  was  employed  in  thf^  operation,  and  the  first  cables, 
I  think,  which  were  laid  by  anything  like  mechanical  means  were 
the  Holyhead  and  Howth  and  the  Dover  and  Ostend  hues,  laid  by 
Messrs.  Newall.  I  was  not  present  on  those  occasions,  but  after- 
wards examined  the  machinery  by  which  they  were  laid.  I  believe 
that  was  the  first  time  the  drum-break  was  used.  Now  we  have 
the  Appold  break  added,  iiietead  of  the  ordinary  strap  and  lever, 
but  the  drum  now  used  is  the  same  as  that  which  was  introduced  by 
Messrs.  Newall  in  1853.  Of  course  if  it  had  been  merely  the  fact 
that  Mr.  Newall  had  used  the  drum-break  for  the  first  time  in  those 
early  days,  and  afterwards  there  were  improvements  on  it,  there 
would  be  no  such  very  great  credit  in  it,  because  nobody  else  had 
a  chance  of  trying  his  talents  in  the  laying  of  cables,' but  when  we 
come  to  the  Atlantic  cable  of  1857  another  kind  of  break  was 


{hhU 


Fig.  1. 

adopted,  which  was  like  that  shown  in  fig.  1,  and  was  used  as  a 
supposed  improvement  on  that  of  Newall. 

In  the  next  year  there  was  ^  Select  Committee  appointed,  and 
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tlifl  whole  Institution  of  Civil   Engineers  was  iuvited  to  give  an 
opinion  on  the  best  form  of  breat,  wliich  resulted  in  a  break  with 

two  wheels,  w^ith  grooves  in  them,  as  _^ 

shown  in  fig.  2,  the  cable  passing  four 

times  over  them.     These  wheels  were 

not  geared  for  paying  out,  and  for  the 

first  lime  the  Appold  break,  now  so  well  , 

known,  was  then  apphed. 

Now  in  a  break  we  require  two  things  :  one  ia  the  means  of  pro- 
ducing the  frictioD,  and  the  other  is  the  means  of  holding  the 
porh'on  back  to  which  you  apply  the  friction. 
In  the  Appold  break  (fig,  3)  the  way  in  which 
the  friction  is  caused  by  a  screw  adjusted  by 
hand  at  A,  and  the  weight  is  applied  by 
weights  at  the  end  of  this  leverage  {pointing).  ^'8'  ^- 

But  this  break  (the  four-fold  grooved  wheels),  though  used  on 
the  Atlantic  cable  of  1858  succeasftilly,  has  I  believe  never  been 
used  since,  and  we  have  come  back  to  the  old  drum-break  of 
Newall,  in  some  eases  with  the  Appold  break,  but  in  others  with 
only  the  ordinary  strap  and  lever,  tlierefbre.it  app^irs  to  me  it 
redoimds  to  the  credit  of  Mr.  Newall  that  what  was  used  in  the 
early  days  of  submaiiue  cables,  and  tlien  abandoned,  was  taken 
up  again  in  later  times. 

With  regard  to  the  historical  portion  of  the  subject  the  Spezzia 
and  Corsica  cable  was  the  first  cable  in  deep  water  which  was  laid 
by  Mr,  Brett,  but  it  should  he  recollected  he  took  with  him  Mr. 
Thompson,  one  of  Mr.  Newall's  head  assistants.  Foi-  some  por- 
tions of  tJie  distance  there  was  a  depth  of  500  fathoms  of  watsr.  It 
was  a  heavy  cable,  carrying  seven  wires,  and  weighing  about  seven 


T  mile,  and  they  had  to  take  extra  precaution  on  account  of  the 
reat  weight.  They  used  two  ordinary  drum  breaks,  each  with  double 
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straps,  with  five  turns  round  each  drum.  (Figs.  4  and  5.)  It  must 
have  been  a  very  powerfiil  break  and  just  the  thing  for  laying  such 
a  cable.  But  the  next  year  Mr.  Brett  did  not  take  Mr.  Thompson 
with  him,  and  the  same  machinery  for  a  six-wire  cable  absolutely 
failed  after  two  starts  from  the  land  and  about  eighty  miles  of  cable 
were  brought  back  whilst  sixty  miles  of  cable  were  picked  up  by 
Mr.  Liddell  and  myself  in  the  Elba,  and  that  was  the  first  heavy 
cable  picked  up  from  deep  water.  On  a  second  occasion  a  cable  which 
reached  within  a  short  distance  of  the  Island  of  Gralita  was  lost,  as 
they  had  no  buoys :  a  portion  of  it  was  recovered  by  the  expedition 
that  picked  up  the  sixty  miles  of  heavy  cable.  In  the  case  of  the  Bona- 
Oagliari  cable  alluded  to  in  the  paper  it  is  mentioned  that  water- 
tight tanks  were  used.  That  is  not  correct.  They  were  iron  tanks 
but  never  intended  to  be  water-tight  at  that  time,  and  I  think  Mr. 
0.  W.  Siemens  is  right  in  taking  credit  for  being  the  first  to  recom- 
mend the  adoption  of  the  water-tight  tanks.  The  tanks  used  in 
1857  for  the  Bona  line  were  iron  tanks  but  not  intended  to  hold 
water.  That  cable  cannot  be  said  to  be  an  absolute  success,  although 
no  doubt  it  was  the  first  cable  that  was  eventually  carried  from 
land  to  land,  but  it  ran  short  thirty  miles  from  Ghia  were  it  was  to 
be  laid,  and  my  fii'st  work  with  Mr.  Newall  was  to  go  out  and  pick 
up  the  end  and  complete  the  cable  for  the  distance  of  thirty  miles. 
We  went  out  in  the  "Blazer  "  tug  from  Marseilles;  we  had  no 
picking-up  gear,  not  even  a  bow  sheave,  and  I  rigged  up  a  temporary 
bow  sheave.  When  the  cable  ran  short  they  had  spliced  on  ten 
miles  of  single  wire  cable  and  had  run  this  within  ten  miles  of  Cape 
Spartavento.  This  we  grappled  for  and  then  picked  up  by  hand 
till  we  came  to  the  splice.     There  is  one  point  with  regard  to  that 


Drum 


Fig.  6. 

cable  which  deserves  historical  notice.     It  was  the  first  cable  on 
which  a  dynamometer  was  used,  and  I  think  Dr.  Werner  Siemens 
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call  claim  that  he  was  the  firat  person  to  recommend,  whilst  Mr. 
Newall  waa  the  first  to  adopt,  the  dynamometer.  It  was  a  very 
rough  kind  of  dynamometer,  but  answered  the  purjjose.  It  is  shown 
ill  fig.  6.  I  was  not  myself  engaged  in  the  laying  of  the  Bona 
cable  across  the  deep  water  but  only  at  the  completion  of  it,  as  I 
liaye  mentioned.  I  waa  afterwards  on  the  Malta  and  Corfu  cable 
in  the  same  ship,  the  Elba,  and  that  waa  the  first  time  I  saw  and 
used  the  dynamometer  that  I  have  described.  This  form  of  dynamo- 
moter  was  improved,  I  aj)eak  only  from  hearsay,  but  I  believe 
ill  the  case  of  the  first  Red  Sea  cable  Mr.  Newall  adopted  this 
plan  (fig.  7}.  I  am  sorry  Mr.  Fleeming  Jonkiii  is  not  here,  as  . 
he  was  on  board  at  the  time  of  the  working  of  this  machine.     It 


Fig.  7. 
was  a  kind  of  self-acting  break  and  dynamotiiGter  combined.    The 
djTiamometer  most  generaUy  used  at  present  was  first  employed  in 
tbe  1858  Atlantic. 

The  question  which  Dr.  Werner  Siemens  asks  in  liis  paper,  as  to 
whether  the  formalte  of  Messrs.  Longridge  and  Brooks  is  correct 
or  not,  I  am  not  able  to  answer,  as  I  do  not  feel  myself  competent 
to  enter  into  the  mathematical  analysis;  but  I  think  if  there  was 
anything  materially  wrong  in  Messrs.  Longridge  and  Brooks's  cal- 
culation there  would  have  been  something  to  point  out  the  discre- 
jtanoy  before  now,  because  many  cables  have  been  laid  across  the 
Atlantic  and  we  have  never  heard  anything  which  disagrees  with 
ttbe  results  pointed  out  by  Longridge  and  Brooks.  It  is  true  very 
I'few  persons  may  have  gone  into  the  calculation  to  prove  how  the 
[.actual  strain  upon  a  cable  corresponds  with  that  given  by  the 
:£vmu1a,  for  even  to  do  this  we  should  require  to  know  the  coeffi- 
[cient  of  the  longitudinal  friction,  and  this  is  not  oflen  tried.  There- 
nte^  how  we  are  to  test  the  correctness  of  that  calculation  I  do  not 
^pow,  because  nobody  takes  the  trouble  to  go  into  it,  and  whether 
^H  longitudinal  coefiicient  is  as  the  square  or  directly  as  the  velo- 
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city  there  seems  to  be  no  means  of  ascertaining.  Cables  are  laid 
without  these  calculations  being  made,  and  there  appears  to  be  no 
means  of  showing  how  far  they  are  correct  in  a  minute  point ;  but 
taken  generally  we  know  that  they  agree  as  regards  the  relation  of 
speed,  strain,  &c.,  with  practice.  But  there  are  points  in  Mr. 
Longridge's  paper  which  any  engineer  who  has  to  lay  cables 
would  do  well  to  think  of,  and  there  are  some  points  which  I 
believe  involve  very  serious  considerations.  There  is  one  point  in 
particular.  He  shows  that  if  the  ship  which  is  paying  out  the 
cable,  which  descends  in  a  straight  line,  inclined  to  the  horizon,  is 
stopped  suddenly  and  remains  stationary,  the  cable  will  assume  a 
catenary  (fig.  8),  and  if  the  cable  has  been  paid  out  without  slack 
a  great  strain  will  come  on  it. 


Surtaee  ff  Smm 


Fig.  8. 

In  paying  out  the  old  Atlantic  cable  at  the  rate  of  6  feet  per 
second  the  strain  would  be  about  148  cwt.,  whereas  the  cable  itself 
would  only  stand  about  85  cwt.  Of  course  in  practice  the  ship 
would  be  put  astern  so  as  to  prevent  this  strain.  But  there  is 
another  case  where  this  problem  comes  into  play  which  is  far  more 
serious.  Supposing  we  have  to  deal  with  ground  at  the  bottom  of 
the  sea  like  that  shown  in  fig.  9  (and  this  is  a  matter  pointed  out 
by  the  French  writers,  but  never  by  English),  as  the  cable  sinks  in 
a  straight  line  very  slightly  inclined  to  the  horizon,  in  paying  out 
when  the  cable  suddenly  touches  the  high  point  here  {pointing  to  A), 
it  will  soon  be  moored  by  the  cable  that  sinks  to  the  ground  on  the 
ship's  side  of  the  point  A,  and  if  this  occurs  before  the  portion 
A  B  has  had  time  to  sink  and  drag  sufficient  slack  back  over  the 
point  A,  so  as  to  allow  it  to  take  up  a  catenary  of  small  strain,  the 
cable  may  be  left  with  a  flat  catenary,  giving  considerable  strain  on 
the  cable,  and  no  doubt  that  would  be  the  case  where  the  cable  is 
even  laid  with  some  slack  but  laid  with  too  small  a  per-centage  of 
slack,  and  this  may  be  the  cause  of  some  of  the  failures.     For 
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instance,  in  the  Atlantic  cable  of  the  present  day  there  are  two 
faults  which  cannot  be  accounted  for,  and  it  is  quite  possible  in 
time  that  may  be  found  to  be  the  reason  of  their  breaking  there. 
[Mr.  Webb  further  illustrated  this  point  by  drawings  on  the  board. 
Fig.  9.] 


Fig.  9. 

With  reference  to  the  observations  of  Mr.  Siemens  this  evening 
as  to  his  method  of  teeing  the  depth  of  water  below,  I  may  state  I 
adopted  that  plan  in  the  laying  the  Direct  Spanish  cable  at  points 
where  we  had  doubts  about  the  soundings.  I  put  on  more  break 
powder  to  ascertain  whether  the  slack  decreased,  and,  finding  it  did 
not,  I  knew  we  were  in  shallow  water  and  acted  accordingly. 

There  is  only  one  other  point  to  which  I  will  refer,  that  is  as  to 
the  drawing  No.  4,  with  regard  to  testing  faults.  I  have  myself 
suggested  this  test  in  my  paper  read  before  the  Institution  of  Civil 
Engineers  in  1858,  and  indeed  to  some  extent  used  the  principle 
roughly  as  stated  in  my  paper.  I  do  not  see  that  the  test  is  com- 
j:)lete  as  given  by  Mr.  Siemens,  but  it  requires  consideration 
whether  something  could  not  be  done.  Tliere  must  be  some 
means  of  finding  out,  after  having  taken  the  resistance  of  the  line 
and  the  return  current,  the  resistance  of  the  end.  I  do  not  see 
that  that  is  solved  in  the  paper.  The  formula  gives  two-thirds 
of  the  whole  charge  as  going  out  here,  at  the  near  end,  and  one- 
third  out  here,  the  far  end.  That  does  not  solve  the  question,  and 
there  is  no  formula  I  am  aware  of  in  w^hich  you  have  this — ^givcn 
the  return  current  out  of  the  cable  and  also  the  resistance,  to  find 
the  resistance  out  of  the  end,  which  is  the  problem  to  be  solved. 

The  discussion  was  then  adjourned  till  the  next  meeting. 


VOL.  V. 
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The  following  Candidates  were  balloted  for  and  declared  duly 
elected : — 

FoBEiGN  Members  : 

H.  Baron« 
J,  Ducot^. 

A.  Hequet. 
J.  Raymond. 

B.  Meyer. 

Member  : — 

George  Stickland  Oriswick. 

Associates : — 

Joseph  H.  Smith. 

James  Stott. 

Ernest  Edwards. 

S.  Sudworth. 

J.  M.  O'Haire. 

Lieut.  H.  S.  Watkin,  R.A. 

C.  E.  Allen. 
Henry  Carlisle. 
Benjamin  Duff. 
Cosmo  Gordon  Howard. 
Major  W.  H.  Collins,  RE. 

Student : — 

Theodore  Walrond. 

The  Meeting  then  adjourned. 
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The  Forty-fifth  Ordinaiy  General  Meeting  waa  held  on  Wednes- 
day, the  8th  March,  1876,  Mr.  C.  V.  Walker,  F.IL8., 
President,  in  the  Chair. 


The  President  :  Before  proceeding  with  the  regular  business  of 
the  evening,  I  regret  to  have  to  inform  you  that  wo  have  received 
from  Mr.  Scndamore  a  letter  containing  his  resignation  of  mem- 
bership. Mr.  Scudamore,  as  you  know,  having  left  the  country, 
and  having  retired  from  the  Postal  Telegi'aph  service,  thought  it 
time  to  retire  also  from  the  Society.  At  the  same  time  it  affords 
me  pleasure  to  have  to  announce  to  you  the  following  resolution  : 
"  The  Council  of  the  Society  of  Telegraph  Engineers,  recognising 
the  valuable  services  rendered  to  telegraphic  science  in  this 
country  by  Mr.  Frank  Ivea  Scudamoro,  C.B.,aud  past-President 
of  this  Society,  acoept,  with  great  regret,  his  regignatioii  of  mem- 
berahip,  and,  in  order  to  show  the  high  appreciation  by  the 
Society  of  these  his  services,  have  appointed  him  from  this  date 
an  Honorary  Member  of  the  Society."  The  Acting-Secretary  has 
been  instructed  to  communicate  the  resolution  which  you  Jiave  so 
warmly  received  to  Mr.  Scudautore. 

The  President  :  A  communication  has  been  received  from 
Mr.  Willoughby  Smith,  on  the  Variation  of  tho  Resistance  of 
Silenium,  which  the  Acting  Secretary  will  read  before  we  resume 
the  discussion  on  Dr.  Werner  Siemens's  paper. 

The  communication  was  read  accordingly,  and  will  be  found 
among  tho  Original  Communications  at  page  183. 

The  President  ;  We  will  now,  if  you  please,  resume  the  dis- 
cussion which  waa  adjourned  from  the  last  meeting ;  but  previous 
to  doing  so  the  Actiug-Secretary  will  read  a  communication  which 
has  been  received  from  Dr.  Werner  Siemens  in  reply  to  the  remni-ks 
made  upon  his  paper  at  our  two  last  meetiiigs.  Wo  shall  then 
be  happy  to  hear  the  further  remarks  which  any  one  present  may 
have  to  make.     It  seems  to  me  that  we  have  gone  a  ^ttle  Wfe. 
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and  out  of  the  scope  of  the  subject,  too  much  into  the  early  history 
of  it ;  but  there  were  two  or  three  points  in  Dr.  Siemens's  paper 
which  were  worthy  of  comparison  with  our  present  knowledge  on 
the  subject.  At  the  same  time  I  think  we  have  now  almost  ex- 
hausted its  past  history,  and  may,  probably,  have  gone  a  little 
further  into  it  than  we  intended ;  but  that  may  have  arisen  from 
the  questions  started  by  the  first  two  lines  of  l)r.  Siemens's  paper. 
The  Acting'Secretary  then  road  the  following  communication 
from  Dr.  Werner  Siemens  : — 

Berlin,  26th  February,  1876. 

If  Professor  Faraday,  as  Mr.  Willoughby  Smith  stated,  did  not 
call  public  attention  to  the  electrical  qualities  of  gutta-percha  until 
1848,  that  certainly  would  prove  the  priority  of  our  underground 
wires  insulated  with  gutta-percha  which  were  laid  in  the  year  1847 
between  Berhn  and  Grossberen.  In  my  paper,  however,  I  had 
not  intended  to  claim  the  first  introduction  of  gutta-percha  as  an 
insulating  material ;  what  I  claimed  was  the  construction  of  the 
first  machine  for  manufacturing  gutta-percha  covered  seamless 
wires.  Should  anyone  claim  a  right  to  priority  in  the  construction 
or  use  of  such  gutta-percha  covering  machines,  I  should  ask  for 
statements  indicating  where  and  when  such  invention  was  pub- 
lished, because  in  questions  of  priority  the  first  pubHcation  only  is 
decisive.  Whether  gutta-percha  bottles  had  been  made  before  my 
invention,  as  was  also  stated  in  the  discussion,  is  quite  indifferent 
to  the  question  of  gutta-percha  submarine  wires. 

Newall  succeeded  in  laying  a  heavy  deep-sea  cable  only  by 
means  of  my  theories  of  submerging  cables,  and  by  employing 
corresponding  paying-out  gear.  Even  if  Mr.  Brett  had  employed 
a  steamer  instead  of  a  sailing  vessel  he  would  not  have  been  suc- 
cessful unless  he  had  employed  a  very  powerftd  steamer  with  suffi- 
cient break-power  upon  the  cable.  Newall  succeeded  only  after 
following  my  advice,  which  was  to  tow  his  sailing  vessel  by  an 
Italian  steam  frigate,  and  to  considerably  increase  the  power  of  the 
breaks,  cooling  them  with  a  stream  of  cold  water.  The  forces 
brought  into  play  in  laying  deep-sea  cables  were  not  sufiiciently 
recognised  at  that  time. 


1876,]  SDBMABINE  TELEGRAPHS.  101 

Mr.  Viit'ley  appears  to  acetiao  ine  of  nttiieking  tlie  theory  of 
Loiigridge,  that  being  a  theory  of  very  early  date ;  but  I  should  be 
much  obliged  to  Mr.  Varley  if  ho  would  point  out  to  me  later 
theories  in  the  submerging  of  cables. 

With  respect  to  Mr.  Varley's  arguments,  I  beg  to  say  that  I  did 
not  claim  the  first  idea  of,  or  the  first  laying  of,  submarine  lines : 
Sommering  started  the  idea  when  proposing  a  galvanic  telegraph. 
Underground  lines  were  first  laid  on  a  large  scale  by  Jacobi  iu 
St.  Petersburg,  using  glass  tubes  and  india-rubber  wires.  ' 

Mr.  Varley  is  correct  in  his  remarks  regarding  the  resistance 
wtieh  the  rough  hemp-covered  cable  surface  offers.  These  remarks, 
however,  do  not  alter  my  theories,  because  the  ftiction  of  a  sliding 
body  in  liquids  always  causes  the  nearest  layer  of  the  liquids  to 
move,  be  the  surface  of  that  body  smooth  or  rough. 

I  quite  agree  with  Mr.  Varley  regarding  the  introduction  of 
water-tanks  on  board  of  cable-ships,  which  I  did  not  claim  as  my 
invention.  I  am  not  aware  whether  Jacobi  made  experiments  in 
sea-water  with  his  india-rubber  covered  wires.  I  used  aeamless 
gutta-percha  wii'es  iu  sea -water  in  April  1848,  in  the  port  of  Kiel, 
fortifying  that  port  by  a  system  of  torpedoes  which  were  used 
diu'ing  the  war  of  that  year. 

I  have  nothing  to  say  against  Mr.  Varley's  remarks  regarding 
the  break-power  required  to  allow  the  necessary  amount  of  slack 
dm'Ing  the  paying  out  of  the  1865,  1866,  and  1869  Atlantic  cables, 
reducing  the  straiji  upon  tlie  cable  to  about  one-third  or  one-fourth 
of  the  weight  of  the  length  of  cable  hanging  perpendicular  to  the 
bottom.  I  also  agree  with  Mr.  Varley's  assertion  that,  when 
liauling  back  the  cable  of  18G9  from  a  depth  of  2,400  fathoms,  the 
resistance  was  so  great  tliat  twice  the  strain  duo  to  the  weight  of 
the  cable  had  to  be  applied.  I  am,  however,  fully  convinced  that 
a  mathematician  of  such  high  standing  as  Mr.  Varley  will  have  no 
difficulty  in  finding,  after  a  closer  perusal  of  the  formula3  and  tables 
given  in  my  paper,  that  his  data  fully  agree  with  mine,  when 
taking  into  consideration  the  velocities  with  which  the  cables  were 
laid  and  hauled  up. 

Mr.  Varley's  claim  of  priority  regarding  the  determination  of 
faults  in  looped  cables  is  so  fiir  correct,  as  Mr.  Varley  undoubtedly 
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found  out  that  method  independently  of  others ;  and  he  also  was 
the  first  who  published  it  in  accessible  journals.  That  very  method, 
however,  was  already  generally  adopted  in  the  years  1848  to 
1853  by  us  for  the  determination  of  faults  in  insulated  gutta-percha 
wire  coils,  as  well  as  in  double  lines. 

My  formulaB  for  the  determination  of  faults  in  single  wires  also 
include  the  possibility  of  finding  the  position  of  a  fault  by  testing 
from  one  end  only,  the  other  end  of  the  wire  being  insulated  during 
one  measurement,  and  to  earth  during  a  second  measurement. 

Mr.  W.  H.  Preece:  I  read  Dr.  Werner  Siemens's  paper 
with  great  interest,  and  I  have  followed  the  discussion  with 
equal  interest.  There  is  one  point  connected  with  the  paper 
which  struck  me  more  than  any  other,  and  that  is  the  very  little 
regard  that  Dr.  Werner  Siemens  has  paid  to  his  own  personal 
interest,  and  to  his  own  personal  efforts,  in  fiirthering  the  advance- 
ment of  submarine  telegraphy.  It  is  a  misfortune,  perhaps,  that 
the  discussion  has,  I  might  say,  degenerated  into  questions  of 
priority  rather  than  into  the  examination  of  the  principles  brought 
forward  in  the  paper;  but  that  is  what  every  new  thing  is  more 
or  less  liable  to,  and  submarine  telegraphy  is  as  yet  but  a  little 
child.  There  are  those  in  this  room  and  living  in  England  who 
have  played  a  part  in  rearing  this  child,  and  who  arc  naturally 
anxious  when  an  opportunity  occurs  to  blow  their  own  trumpet.  I 
must  say,  however,  that  Dr.  Werner  Siemens,  who  has  had  a  grand 
opportunity  for  blowing  his  trumpet,  has  not  taken  advantage  of 
it  There  are  very  few  persons  who  have  done  more  to  further 
telegraphy  in  every  branch  than  Dr.  Werner  Siemens  and  his 
distinguished  brothers.  This  paper  is  a  valuable  acquisition  to 
the  literature  of  telegraphy.  It  places  the  theory  of  the  laying 
of  submarine  cables  on  a  very  plain  and  simple  basis,  and  brings 
the  various  facts  together  in  a  way  that  can  be  easily  comprehended 
by  all. 

We  ought  to  draw  a  distinction  between  those  who  have  exercised 
their  ingenuity  in  suggesting  pretty  and  novel  ideas,  and  those  who 
have  actually  assisted  in  driving  the  coach,  that  is  to  say,  in  render- 
ing these  ideas  practical.    Those  who  have  pushed  ahead  the  infant 
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cliild — telegraphy — ^undoubtedly  deserve  thai  what  they  have  done 
should  be  placed  upon  tlio  records  of  this  Society.  There  is  one 
individual  who  has  made  a  great  many  telegraphic  experiincnta, 
but  because  there  was  no  telegraphic  society  in  those  days  to  report 
them  they  have  almost  dropped  out  of  notice.  In  the  Proceedings 
of  the  Asiatic  Society  for  September  1839  there  ia  recorded  a 
series  of  careful  experiments  made  by  Dr.  O'Shaughnessy  (now 
Sir  William  Brooke),  ou  a  means  of  crossing  rivers  and  carrying 
out  submarine  telegraphs,  which  were  made  early  in  that  year,  and 
the  way  in  which  those  experiments  were  conducted  is  so  in- 
teresting that  with  your  permission  I  will  read  a  short  extract  to 
you. 

He  says,  "  Insulation,  according  to  ray  experiments,  is  best 
accomplished  by  inclosing  the  wire  (previously  pitebed)  in  a  split 
ratan  and  then  paying  the  ratan  round  with  tarred  yarn,  or  the 
wire  may,  as  in  some  experiments  made  by  Colonel  Pasley  at 
Cliatham,  bo  surrounded  by  strands  of  tarred  rope  and  this  by 
pitched  yam.  An  insulated  rope  of  this  kind  may  be  spread  aJong 
B  wet  field,  nay,  even  led  through  a  river,  and  will  still  conduct 
without  any  appreciable  loss  the  electrical  signals  above  described." 

At  omr  last  meeting  we  saw  Sir  CJiarles  Wbcatstone's  interesting 
drawings  of  1840,  and  heard  a  description  of  the  cable  that  he  pro- 
posed to  lay  between  England  and  Belgium,  but  inasmuch  as  that 
suggestion  was  not  brought  to  light  till  after  a  cable  was  actually 
laid  it  was  not  one  of  those  steps  which  actually  assisted  in  the  pro- 
gress of  telegraphy.  The  first  practical  and  actual  experiment  made 
across  any  water  in  Europe  was  undoubtedly  made  by  our  worthy 
President,  Mr.  C.  V.  Walker,  in  1849.  In  1850  the  first  actual  sub- 
marine cable  was  laid  between  England  and  France  through  the 
exertions  of  Mr.  Brett.  The  following  year  another  cable  was  laid 
between  Dover  and  Calais  through  the  exertions  of  one  whose  name 
is  not  much  mentioned — Mr.  Crampton.  Mr.  Crampton  was  the 
man  who  found  the  capital  and  means  and  had  the  spirit  and 
courage  to  submerge  the  first  actual  cable  between  England  and 
France,  and,  more  than  that,  he  was  the  means  of  designing 
Rud  adopting  that  form  of  cable  which  has  never  been  departed 
from.     The  wire  rope  constituting  tlie   first   cable   charaoterisea 
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every  one  laid  since,  and  we  can  hardly  be  said  to  have  departed 
in  form  from  that  early  and  first  cable  laid  between  Eng- 
land and  the  continent  True,  there  have  been  improvements  in 
other  directions — improvements  in  the  core  and  in  the  strength  of 
the  external  protection;  we  have  had  gutta-percha  covered  wire 
of  various  character,  and  we  have  also  had  those  great  improvements 
made  by  Mr.  Hooper ;  but  Mr.  Crampton's  wire  rope  remains  the 
iype  of  all  submarine  cables. 

The  paper  deals  with  that  very  intricate  point  connected  with  the 
laying  of  cables,  viz.,  the  slipping  back  of  a  cable  along  an  in- 
clined plane  when  it  falls  from  the  stem  of  a  ship  to  the  bottom  of 
the  ocean.  There  are  very  few  except  those  who  have  followed 
the  subject  mathematically  who  have  succeeded  in  grasping  the 
idea  of  this  slipping  back  of  the  cable.  There  is  no  one  who  has 
put  it  in  a  simpler  form  than  was  done  by  Mr.  Gravatt  in  this 
place  many  years  ago,  who  illustrated  it  by  a  chain  falling  over  an 
inclined  plane.  A  cable  falling  at  an  angle  through  the  water 
simply  slips  or  slides  through  the  water  as  a  piece  of  paper  slips  or 
slides  through  the  air  (illustrated  by  a  paper  dart).  To  resist  this 
tendency  to  slip  down  it  was  only  necessary  to  apply  to  the  cable  a 
break-power  equal  in  weight  to  the  length  of  the  cable  which 
would  be  suspended  from  the  stem  of  the  ship  to  the  bottom  of  the 
sea. 

Now,  in  all  these  papers  read  at  different  times,  unfortunately 
we  have  a  great  deal  of  theory  and  not  much  practice.  There  are 
many  gentlemen  in  this  room  who  have  been  occupied  in  laying 
thousands  of  miles  of  cable  in  deep  sea ;  but  we  have  never  had 
any  practical  details  of  the  break-power  used,  the  variation  of 
break-power  according  to  the  depth  of  water,  the  angle  which  the 
rope  makes  with  the  stem  of  the  ship  or  with  the  horizon,  or  any 
facts  which  tend  to  prove  the  truth  of  the  theories  brought  for- 
ward. I  must  say  I  was  in  hopes,  after  the  experience  of  the 
Messrs.  Siemens  in  the  Atlantic  and  Mediterranean,  after  the 
experience  of  Mr.  Webb  and  of  others  in  other  parts  of  the  world, 
that  we  should  have  had  some  practical  proofs  of  the  truth  of  these 
theoretical  problems. 

There  is  a  discrepancy  between  the  formulaB  of  Dr.  Werner 
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Siemens  and  those  which  were  establisliecl  in  this  building  some 
years  ago  by  Mossra.  Lougridgo  and  Brooks,  whose  formulae 
I  have  every  reason  to  believe  very  nearly  accords  with  practice. 
They  showed  that  the  friction  of  the  rope  and  water  follows  in 
terms  of  the  square  of  the  velocity,  whilst  Dr.  Werner  Siemens 
states  it  is  not  as  tho  square  but  as  the  velocity  itself.  With- 
out some  reasons  given,  and  without  some  practical  results  prov- 
ing the  formula  he  has  produced,  I  should  be  chary  in  accepting 
Dr.  Werner  Siemens's  theory  that  the  friction  of  a  falling  cable 
varies  simply  as  the  velocity.  We  know  when  water  or  air  flows 
through  pipes  that  the  friction  varies  directly  as  the  square  of 
the  velocity ;  and  what  difference  there  is  between  water  flowing 
■within  the  internal  circumference  of  a  pipe  or  the  outside  circum- 
ference of  a  rod  falling  through  wafflr  I  do  not  myself  see.  If 
the  fnction  of  water  varies  as  the  square  of  the  velocity  in  a  pipe 
then  the  friction  of  a  rod  through  water  must  also  vary  as  the 
square  of  the  velocity.  So  that  without  some  reasons  or  facta  to 
support  it  1  should  not  like  to  accept  Dr.  Werner  Siemens's  state- 
ment that  tho  friction  varies  as  the  velocity  only.  At  tho  samQ 
time  I  am  quite  sure  ho  high  an  authority  as  Dr.  Werner  Siemens 
would  not  make  such  a  statement  without  good  and  proper  reasons 
for  it.     So  that  I  hope  we  may  yet  have  his  facts  for  making  that 


With  regard  to  testing,  to  which  the  second  part  of  tlie  paper 

refers,  if  our  thanks  are  due  to  anybody  for  having  placed  the 

subject  of  testing  on  such  a  basis  as  it  is  now,  we  are  indebted 

very  highly  to  the  Messrs.   Siemens.     It  is  true  we  wore  able  to 

ascertain  with  considerable  exactness  the  locality  of  faidta.     It  is 

trne  the  ordinary  theory  of  testing  was  thoroughly  well  known  to 

"Mr.  Varley,  myself,  and  others  who  have  been  engaged  in  re- 

1  pairing  cables ;  but  that  beautiful  apparatus — the  form  of  bridge 

[  --which   is  now   so   universally  used,   by   which   we   are   able  to 

I  vary  the  ratio  between  the  two  hvancheg  of  the  bridge,   is  due  to 

I  Messrs.  Siemens,  and  was  one  of  the  first  steps  taken  to  place  the 

I  modes  of  testing  on  a  footing  of  such  great  exactitudo.     The  way 

I  in  which  Dr.  Werner  Siemens  refers  to  the  mode  of  eliminating 

L-eBxtb   eurrenta  and   currents   of  polarisation   received   very  iiiU 
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elucidation  before  this  Society  on  a  late  occasion,  when  Mr.  Fahie 
gave  a  paper  showing  how  to  eliminate  those  disturbing  causes, 
and  enabling  us  to  arrive  at  the  exact  distance  when  a  wire  is 
broken.  Though  Dr.  Werner  Siemens  has  treated  this  subject 
with  his  usual  thoroughness,  I  do  not  see  that  he  has  advanced 
the  subject  much  further  than  it  was  placed  by  Mr.  Fahie. 

Dr.  Werner  Siemens  has  not  alluded  to  a  subject  which  affects 
us  very  much — ^that  is,  the  durability  of  submarine  cables.  It  is 
very  well  to  lay  and  work  cables,  and  tell  us  how  far  off  they  are 
broken ;  but  all  our  knowledge  is  of  little  use  unless  we  are  able 
by  some  means  to  secure  durability  in  the  structure  of  the  cable. 
It  is  one  thing  to  lay  a  cable,  it  is  another  to  bring  it  to  the  surface 
again.  We  have  advanced  very  little  from  the  first  cable  of  1851. 
We  have  altered  the  materials  in  the  structure,  and  particularly 
those  of  deep  sea  cables,  but  I  do  not  think  we  have  yet  reached 
perfection.  The  last  Atlantic  cable  laid  is  a  sample  of  all  those 
previously  laid,  and  this  form  of  deep  sea  cable  is  radically  bad. 
It  does  not  give  us  a  cable  of  such  a  form  that  we  can  at  a  future 
time  be  certain  that  we  can  bring  it  to  the  surface  again.  In  the 
Atlantic  cable  we  have  an  outside  covering  of  iron  wire  and  hemp, 
which  in  course  of  time  must  rust  and  decay. 

We  have  hopes  that  amongst  those  engaged  in  the  maintenance 
and  construction  of  cables  some  telegraph  engineer  may  be  found  to 
invent  a  cable  which  will  enable  us  to  lay  it  with  the  certainty  of 
durability  equal  to  that  of  gutta-percha  itself.  We  know  practically 
gutta-percha  to  be  indestructible.  There  is  no  proof  of  the  decay  or 
deterioration  of  gutta-percha  in  sea- water,  We  shall  not  consider 
ourselves  in  the  possession  of  a  perfect  deep  sea  cable  till  we  have  one 
so  protected  by  durable  materials  that  we  can  at  any  time  raise  it  to 
the  surface  if  it  should  be  required.  I  must,  however,  qualify  the 
remark  that  gutta-percha  is  indestructible  in  sea-water.  I  forgot  for 
the  moment  that  the  teredo  had  tasted  its  sweets.  We  have  seen 
specimens  in  this  room  of  the  ravages  of  marine  animalculsB  and 
cnistacea  upon  gutta-percha ;  therefore,  I  withdraw  the  statement 
that  it  is  indestructible,  and  will  simply  say  that,  till  we  succeed 
in  getting  an  outside  coating  for  cables  as  strong  as  the  present 
form  and  as  durable  as  gutta-percha,  we  shall  not  reach  perfection 
in  the  form  of  our  deep-sea  cables. 
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Mr.  J.  A.  LoKORiPOE,  C.E.:  I  have  been  kindly  invited  to 
attend  the  meeting  this  evening ;  and,  with  your  permission,  I  will 
make  a  few  remarks  upon  the  paper  which  is  under  diseusBion.  I 
was  not  present  at  the  reading  of  the  paper,  and  I  have  only  had 
the  opportunity  of  seeing  it  since  Jast  evening,  when  I  received  a 
eopy  of  it ;  consequently  I  have  not  been  able  to  read  it  carefiilly 
through-  I  wiU,  however,  make  two  or  three  remarks  upon  it, 
whichj  I  think,  I  am  entitled  to  do,  the  more  so  as  Dr.  Werner 
Siemens  has  referred  to  a  paper  written  by  my  friend  Mr.  Brooks 
and  myself,  and  read  in  this  room  feighteen  years  ago.  It  will  be  in 
your  memory,  Sir,  and  probably  that  of  other  members,  that  at  that 
time  tliero  were  great  doubts  whether  a  cable  could  be  laid  along 
the  sea  bottom  in  a  straight  line.  There  had  been  a  discussion  by 
the  British  Association  at  Dublin,  in  1857,  in  which  the  conclusion 
was  arrived  at  that  without  infinite  velocity  of  the  ship  such  a 
thing  was  impossible.  I  will  not  go  back  to  those  old  discussions, 
but  simply  refer  now  to  what  Dr.  Werner  Siemens  says  with 
regard  to  my  paper- 
He  says,  "  The  mathematical  part  of  the  ti'eatise  is  not  to  be 
disputed,  and  gives  an  accurate  description  of  the  curve  formed 
by  a  cable  suspended  in  an  oblique  direction  in  water,  if  paid  out 
with  a  strain  upon  the  sea  bed."  Now,  Sir,  that  is  the  problem 
under  its  most  general  form.  It  is  a  very  easy  problem  indeed  to 
solve  what  would  bo  the  position  of  the  cable  if  there  were  no 
strain  at  the  bottom.  The  other  is  a  much  more  complicated  pro- 
blem, and  Mr.  Brooks  and  mysolf  felt  that  imless  we  dealt  with 
the  general  form  we  should  be  only  investigating  an  empirical 
method  (which  is  not  the  course  which  scientific  men  generally 
like  to  take).  The  investigation  must  be  to  show  the  form  of  a 
cable  with  a  strain  on  the  bottom.  That  included  the  ease  where 
there  was  no  strain,  simply  by  equahaing  the  bottom  tension  to 
zero  ;  and  there  we  showed  distinctly  the  cable  would  take  a 
straight  line.  But  Dr.  Siemens  goes  on  to  say:  "  The  physical 
part  of  the  work,  and  the  practical  consequences  drawn  from  it, 
are  open  to  grave  objections."  I  scai-cely  understand  what  he 
means  by  "  the  physical  part  of  the  work."  As  to  "the  prac- 
tical consequences  drawn  from  it,"  I  am  prepared  to  stafo  without 
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fear  of  contradiction  that  all  subsequent  practice — at  least  all  suc- 
cessful practice — has  been  founded  upon  principles  shown  in  that 
paper  to  be  mathematically  the  correct  principles.  We  dealt  then 
with  the  various  questions  which  arise  in  the  laying  of  a  line  of 
cable  and  we  have  dealt  with  them  seriatim.  But  Dr.  Siemens 
goes  on  to  say,  "  One  of  the  first  principles  taken  for  granted 
which  materially  influences  the  results  is  incorrect."  That  is  a 
grave  accusation  for  a  gentleman  in  Dr.  Siemens's  position  to  make. 
I  agree  with  the  last  speaker  that  it  must  be  assumed  he  has  good 
and  substantial  reasons  for  making  such  an  accusation.  He  refers 
to  the  assumption  which  he  says  we  made  that  the  friction  of  a 
cable  sliding  down  through  water  was  proportional  to  the  square 
of  the  velocity,  whereas  he  asserts  it  really  is  proportional  to  the 
velocity  itself.  Now  a  statement  like  that  coming  from  Dr. 
Siemens,  a  man  of  the  highest  possible  reputation,  must  have 
some  basis,  and  it  is  to  be  regretted  that  he  has  not  pointed  out 
wherein  that  basis  consists.  I  will  tell  you  where  we  get  our 
data  from,  viz.  Colonel  Beaufoy's  experiments.  He  was  the  only 
man  I  know  of  who  made  a  thorough  series  of  experiments  on 
the  subject  of  the  lateral  friction  of  a  body  passing  through  water. 
I  have  referred  to  them  and  I  find  it  varies  from  1*8  to  1*947  : 
that  is  practically  nearly  as  the  square  of  the  velocity.  But  it  does 
not  altogether  rest  upon  that.  This  subject  has  been  discussed  in 
the  Institution  of  Civil  Engineers  more  than  once.  There  was  a 
paper  read  in  1857  by  Mr.  Armstrong  on  "  High  Speed  Naviga- 
tion," in  which,  of  com'se,  the  element  of  surface  friction  was  con- 
sidered ;  and  a  gentleman  for  whose  opinion  I  have  a  very  high 
respect,  and  I  think  that  is  the  case  with  all  in  this  room,  Mr. 
Hawksley,  past  President  of  the  Institution  of  Civil  Engineers, 
in  that  discussion  stated  distinctly  that  the  resistance  of  bodies 
passing  through  water  varies  exactly  as  the  square  of  the  velocity, 
and  no  person  in  that  discussion,  and  it  was  a  very  long  one,  in 
any  way  contradicted  Mr.  Hawksley's  statement. 

Again,  in  1866,  Mr.  G.  H.  Phipps,  member  of  the  Institution  of 
Civil  Engineers,  read  a  paper  on  "  The  Resistance  of  Bodies  passing 
through  Water,"  in  which  he  referred  to  Beaufoy's  experiments, 
showing  that  the  resistance  was  proportional  to  the  1*949  power  ot 
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the  velocity,  and  all  who  took  part  in  the  discussion — Mr.  Bidder, 
Sir  John  Hawkstiaw,  aud  others — coincided  with  that  ^Hew,  and  I 
never  heard  a  doubt  expressed  as  to  the  fact  of  the  resistance  being 
as  the  square  of  the  velocity.  We  know  it  is  so  in  pipes ;  and  to 
say  that  there  is  one  law  for  the  inside  and  another  law  for  the  out- 
side of  a  pipe  is  a  thing  which  does  not  commend  itself  to  my 
mind ;  consequently  I  tliink  Dr.  Werner  Siemens  ought  not  to 
contradict,  in  tho  positive  way  he  dooa,  a  paper  which  has  been 
pretty  well  discussed,  without  stating  some  grounds  on  wliicli  lie 
disputes  its  correctness ;  but  he  goes  on,  and  brings  out  a  formula 
of  his  own,  and  works  out  results  from  it. 

On  page  9  of  the  paper  it  is  stated :  "  The  difference  between 
these  formula  and  ours  arises  from  the  supposition  that  the  force 
of  sliding  friction  obeys  the  law  of  squares."  If  we  are  wrong  our 
farraulfG  are  also  wrong.  But  tliero  is  not  an  item  in  Dr.  Siemens's 
formulas  which  ia  not  ours,  excepting  tlie  hypothesis ;  and  I  assert 
that  our  hypothesis  is  the  correct  one  and  not  Dr.  Siemens',  and 
that  our  formulse  are  correct  and  his  are  incorrect.  I  think,  Sir, 
Dr.  Werner  Sieniena  ia  scarcely  justified  in  claiming  tliat  the 
cables,  which  have  been  laid,  have  been  laid  upon  his  theories, 
as  he  has  done  in  the  letter  read  this  evening ;  whereas  the  theory 
which  was  propoimded  eighteen  years  ago  has  never  yet  been  eoii- 
troYerted  that  I  am  aware  of,  and  certainly  has  not  been  so  by 
anything  wliich  Dr.  Siemens  has  advanced  in  the  paper  under 
consideration. 

Then  Dr.  Siemens  further  states :  "  The  work  is  deficient  as 
regards  a  clear  perception  of  the  principal  factors  and,  a  lucid  ex- 

isition  of  the  results."     Perhaps   they  are   not  very   lucid ;    a 

lestion  of  high  matliematics  is  rather  difficult  to  make  lucid  to 
general  reader.  As  for  saying  there  is  no  clear  perception  of 
the  principal  factors,  t.e.,  tJie  principal  conditions  of  the  problem,  I 
believe  it  will  be  seen  tliat  we  have  dealt  with  a  great  deal  more 
than  Dr.  Siemens  himself  has  dealt  with.  At  the  end  of  the  paper 
we  have  supplied  an  Appendix,  in  which  there  are  some  ten  or 
Igselve  problems  stated.  The  first  of  tlieso  is  :  A  body  descending 
ically  in  a  resisting  medium.  That  we  solved.  The  second 
was  :  A  body  descending  obliquely,  such  as  a  continuoua  cable^ 
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under  the  same  conditions.     That  also  we  solved,  and  added  two 
or  three  corroUaries  showing :  (a)  The  velocity  at  which  the  cable 
runs  out  vertically  without  tension ;  (b)  The  angle  at  which  the 
cable  would  run  out  with  the  greatest  velocity ;  (o)  The  waste  of 
cable  when  it  runs  out  at  any  given  angle  free  from  tension; 
(d)  The  angle  of  motion  of  the  end  in  case  of  fiucture.     The  third 
problem  was  the  general  equation  to  the  curve,  from  which  we  de- 
duced that  the  cable  descends  in  a  straight  line  when  the  bottom 
tension  is  zero.   The  fourth  problem  was  the  equation  for  tension — 
what  Dr.  Siemens  calls  the  brake-power.    We  showed  in  two  tables 
the  reduction  of  tension  caused  by  running  out  certain  amounts  of 
slack,  applicable  both  to  a  heavy  cable  and  to  a  light  one.    The  fifth 
problem  showed  the  wajste  of  cable  in  passing  through  currents.    The 
sixth  was  the  equation  to  the  curve  of  a  line  strained  across  a  cur- 
rent.    The  seventh  was  the  tension  due  to  the  friction  of  water  on 
a  current  coming  across  the  line  of  a  cable.     The  eighth  was  the 
form  which  the  cable  would  assume  and  the  resulting  tension  sup- 
posing the  paying-out  apparatus  was  suddenly  stopped  in  the  act  of 
paying  out.     The  ninth  problem  was  to  find  the  portion  of  the  end 
of  a  cable  at  any  given  interval  of  time  after  fracture.      The  tenth 
was  the  extension  of  length  due  to  the  compression  of  the  inner 
core.     The  last  problem  was  the  investigation  of  the  variation  of 
tension  due  to  pitching  and  the  movement  of  the  ship  in  a  heavy 
sea,  and  the  motion  of  the  paying-out  apparatus.     We  fiirther 
investigated  the  effects  of  floats  on  resistors,  and  the  means  of 
saving   cable  in   case   of   fracture.      These  were    the    principal 
problems  we  solved.     We  solved  them  with  mathematical  correct- 
ness; and,  fi'om  all  I  have  seen  since,  I  believe  the  results  we 
arrived  at  were  practical  and  reliable  results,  and  not,  as  some  say, 
theoretical  results.     Therefore,  I  say  again.  Dr.  Werner  Siemens, 
in  saying  there  was  not  a  clear  perception  of  the  principal  factors, 
has  gone  further  than  he  ought  fairly  to  have  gone,  and  that  we 
have  treated  the  subject  far  more  in  extenso  than  he  himself  has 
done,  and  with,  I  believe,  greater  accuracy.     So  far  as  I  have 
seen,  the  only  difference  he  has  made  is  assuming  the  friction  to  bp 
simply  as  the  velocity  and  not  as  the  square,  and  that,  I  believe,  is 
an  error.     With  regard  to  Mr.  Gravatt,  he  simply  showed  the 
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question  of  a  ehain  lying  over  an  inclined  plane  with  part  of  the 

chain   down   tho   incline   and   the   other   hanging   over   tlie   l!uI 

vertically.     That  was  a  very  elementary  prohlem  of  mechanical 

■that  the  two  will  balance ;  but  to  say  that  it  solved  tho 

^nestion  with  regard  to  telegraph  cables  is  going  a  little  too  far. 

There  is  one  point  I  would  draw  attention  to,  viz.,  the  condu- 

whieh  we  ai'rived  at  as  to  the  absolute  necessity  of  laying 

cables.     What  I  ventured  to  state  eighteen  years  ago  has 

true ;  and  the  evil  of  a  heavy  cable  has  been  attempted  to  be 

remedied  in  a  way  I  do  not  approve  of,  viz.,  by  making  a  heavy 

cable,  and  then  making  it  light  by  putting  on  hemp.     Ten  years 

ago  I  predicted  that  if  a  heavy  cable,  after  being  laid  a  year  or 

two,  happened  to  break  in  2,000  fathoms  of  ^ater,  you  would  not 

be  able  to  get  it  up  to  the  surface.    I  still  believe  so.    1  tliink  one  of 

tie  Atlantic  cables,  two  or  three  years  ago,  happened  to  take  that 

&ealc in  2,000 fathoms.  I  think  it  was  the  1802  cable;  but,  asfai'as 

I  know,  that  has  never  been  brought  up,     They  liavo  tried  to  bring 

it  up  more  than  once,  but  failed,  and  I  believe  they  will  never 

iDcceed,  for  this  reason ;  the  iron,  being  in  a  state  of  osidafion,  is 

even  heavier  than  before,  and  it  has  lost  its  strength ;  the  hemp  is 

gone ;  there  is  no  strength  in  tie  tiling ;  and  when  you  try  to  lift 

it  it  breaks.      If  the  cable  is  required  to  bo  lifted  immediately  after 

it  is  laid,  but  possibly  before  the  iron  corrodes,  you  can  do  it.     A 

heavy  cable  is  not  only  more  expensive  in  first  cost,  but  it  takes  a 

large  ship  to  lay  it.     I  maintain  that  about  a  five-eighths  diameter 

cable  might  be  made  with  the  same  conducting  power,  and  could  be 

laid  more  safely,  and  could  be  got  up  with  greater  ease.   I  should  like 

to  see  cables  payed  out  as  log  lines  from  a  ship.     The  proper  appa- 

ratna  is  one  which  pays  out  the  cable  with  the  proportion  of  slack 

you  want,  not  one  which  holds  it  in.     Some  yeai's  ago  I  had  the 

model  of  a  machine,  which  I  showed  to  the  Joint  Committee  on 

Telegraphs,  as  well  as  some  drawings  of  another  system,  which 

made  to  imitate   the  action  of  a  man's  hands.      It  was  so 

[arranged  that  the  cable  passed  thi-ough  two  long  belts  with  a  cer- 

amount  of  friction.    If  the  ship  pitched  heavily  it  slid  through 

belts;  in  case  of  a   kink    the  machine  opened    and  allowed 

^ok  to  pass,  and  tlie  cable  was  then  replaced  in  the  apparatus. 
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By  this  means  the  cable  was  drawn  out  of  the  hold  and  payed 
overboard.  With  a  light  cable  there  would  be  comparative  ease  in 
getting  it  up  ;  but  I  do  not  think  you  would  require  to  get  it  up. 
The  reason  why  the  1865  cable  broke,  I  have  no  doubt,  was  its 
being  laid  over  a  kind  of  valley,  and  it  hung  across  this  valley 
like  the  chain  of  a  suspension  bridge.  As  long  as  the  wire  held 
good  it  was  all  right ;  but  when  that  rusted  the  catenary  strain 
broke  the  cable,  and  down  it  went.  Feeling  this,  as  I  have  done 
for  many  years,  I  have  always  believed  that  the  day  will  come 
when  we  shall  abandon  all  this  heavy  wire  round  the  cable ;  that 
it  will  consist  only  of  the  copper  wire  and  perhaps  fine  steel  wires 
bound  inside  the  gutta-percha  and  protected  by  some  material 
suflBcient  to  protect  it  until  it  has  got  safe  to  the  bottom.  Sup- 
posing such  a  cable  is  laid  with  a  due  amount  of  slack — not  hanging 
over  precipices — then  I  believe  when  you  get  a  cable  like  that 
laid  in  2,000  fathoms,  you  will  never  require  to  touch  that  cable 
again. 

Mr.  Wm.  Hooper  :  The  last  observation  of  the  gentleman  who 
has  just  addressed  us  is  entitled  to  consideration — that  is  as  to  the 
durability  of  cables.  There  is  no  diflBculty  in  submerging  them  if 
you  only  get  the  right  sort.  I  do  not  pay  much  regard  to  the  ques- 
tion whether  you  have  apparatus  or  not.  You  must  lay  such  a  cable 
as  can  be  raised  for  a  fault,  and  where  the  specific  gravity  is  not  so 
much  thought  of  as  the  external  covering  of  the  cable.  If  you  have 
iron  wire  outside  the  core  the  wrought  iron  loses  strength  and  after 
a  time  it  becomes  a  burden  more  than  an  assistance.  It  is  not 
required  in  sinking  a  cable  to  have  ironwork  at  all.  The  decay  of 
iron  wire  under  water  has  been  established,  and  therefore  the  great 
point  is  to  get  an  indestructible  insulator,  and  whoever  is  clever 
enough  to  find  out  a  good  covering  to  a  good  insulator  will  aa- 
complish  what  has  not  yet  been  attained.  My  name  has  been 
mentioned  in  connection  with  this  subject.  I  should  have  been 
glad  if  we  had  carried  out  one  element  in  cables  which  Major 
Champain  brought  before  us  a  few  weeks  ago,  viz.,  an  insulator 
which  will  last.  Marine  insects  do  bore  into  gutta-percha,  and  I 
should  have  been  glad  if  Mr.  Preece  had  communicated  the  fact 
that  a  form  of  insulator  has  been  discovered  which  is  not  injured 
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by  these  boring  insects.  The  teredo  does  bore  into  gutta-porclia, 
but  1  have  not  heard  that  india-rubber  has  been  attacked.  I  am 
not  aware  to  what  extent  the  Atlantic  Cables  in  deep  water  are 
aflFected  by  this  cause ;  but  in  the  case  of  the  Persian  Gulf  and 
Red  Sea  cables  it  is  found  that  they  are  bored  into  by  insects 
through  the  gutta-percha,  and  the  cables  have  failed  more  than 
once  from  that  cause. 

Mr.  Webb  :  I  was  rather  cut  short  in  my  remarks  at  the  last 
meeting  for  want  of  time.  I  was  then  speaking  about  dynamome- 
ters, and  I  described  the  form  used  in  the  first  Altantic  cable  in  1857, 
and  that  which  was  used  in  1858,  and  which  is  used  by  the 
Telegraph  Construction  Company  and  other  firms,  and  is  now 
generally  well  known.  I  also  described  the  first  dynamometer 
used  by  Mr.  Newall,  and  suggested  by  Mr.  Werner  Siemens,  in 
laying  the  cable  between  Bona  and  CagUari,  and  after  that  the 
one  used  in  the  Bed  Sea  line. 

The  dynamometer  I  am  now  going  to  describe  is  one  I  (^signed 
in  1867,  and  it  was  fitted  in  the  "Narva,"  and  also  in  the  "Inter- 
national." It  is  shown  in  figures  1,  2,  and  3.  A  is  a  V-sheave  on 
the  end  of  a  shaft  carried  at  the  extremity  of  braced  framework 
which  has  an  axle  at  B  on  which  it  can  turn. 


Fig.l. 


Fig.  3. 

The  distance  B  C  is  five  times  A  B.  The  end  C  of  this  frame- 
work is  attached  by  links  to  a  Salter's  Balance  S  suspended  from 
an  arched  frame. 

The  cable  passes  over  two  sheaves  D  and  E,  and  under  the  sheave 
A.  These  sheaves  are  placed  so  that  the  cable  forms  with  the 
horizontal  such  an  angle  that  its  sine  is  0*25,  or  in  fact  14®  31'.     It 

VOL.  V.  I 
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will  be  se.en  by  resolving  the  forces  that  a  strain  on  the  cable  of 
10  tons  will  01  Jy  give  an  upward  strain  on  the  sheave  A  of  5  tons, 
the  lever  ABC  having  a  leverage  of  5  to  1 ,  the  strain  at  C  on 
the  Salter's  Balance  is  only  one-fifth  of  this,  or  1  ton,  so  that 
every  pound  shown  on  the  Salter's  Balance  indicates  10  lbs.  strain 
on  the  cable.  The  instrument  has  its  advantages;  it  is  much 
lighter  than  the  ordinary  dynamometer,  and  b'es  much  lower. 
There  is  no  heavy  weight  dancing  up  and  down,  and  there  is  no 
changing  of  weights  and  scales  required,  many  hundred  miles  of 
cable  having  been  laid  with  this  dynamometer.  The  French 
Government  have  adopted  it  in  repairing  ships. 

With  regard  to  the  question  of  light  cables,  Mr.  Longridge, 
who  I  have  before  had  occasion  to  meet,  and  for  whose  paper  I  do 
not  suppose  anyone  has  a  greater  respect  than  I  have  myself,  has 
spoken  as  an  engineer  about  our  employing  light  cables,  and  Mr. 
Hooper  has  spoken  of  light  cables ;  but  all  who  are  engaged  in 
submarine  telegraphy  know  that  this  is  one  of  the  problems  yet  to 
be  solved.  When  people  say,  "  Oh  I  lay  down  a  mere  copper 
wire  insulated  with  gutta-percha,"  they  do  not  consider  that  if  you 
have  such  a  cable  as  that  it  will  break.  I  have  made  experiments 
with  regard  to  the  breaking-strain  of  several  kinds  of  copper  wire 
insulated  with  gutta-percha,  and  in  every  case  it  came  out  equal  to 
about  the  weight  of  two  miles  of  the  wire  and  gutta-percha  in  water, 
so  that  if  you  stopped  the  ship  in  two  miles  depth  of  water  the  cable 
would  simply  break ;  the  question  is,  what  you  are  to  put  round  it 
to  make  it  so  that  you  can  lay  it,  in  the  first  place ;  and  then  you 
must  allow  this — that  whoever  has  to  lay  a  cable,  or  whoever  makes 
it,  you  may  have  faults,  which  occur  from  various  causes,  and 
therefore  you  must  be  prepared  to  stop  the  ship  and  haul  back  the 
cable,  and  this  may  have  to  be  done  in  heavy  weather ;  therefore 
gutta-percha  covered  copper  wire  alone  will  not  suffice.  Then  you 
come  to  the  question  of  hemp  placed  over  the  gutta-percha.  That 
is  a  question  which  is  open  to  discussion,  and  there  are  cases  in 
which  it  has  been  found  that  hemp  increases  the  liability  of  the 
line  to  kink,  and  thus  makes  it  difficult  to  coil.  These  are  all 
questions  which  have  yet  to  be  solved.  It  is  all  very  well  to  talk 
about  light  cables,  but  let  some  one  bring  us  a  pattern  of  cable  that 
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can  be  taken  from  the  factory,  eoiled  and  wetted,  and  laid  to  dry, 
taken  on  board  ship  and  laid  down,  and,  if  necessary,  hauled  back 
without  breaking.  When  anyone  brings  such  a  specimen  of  eablo 
forward,  let  it  be  discussed.  But  up  to  this  time,  as  far  as  my  expe- 
rience gOcB,  I  have  seen  nothing  which  satisfies  these  conditions. 

Mr.  TaECENFELD :  Mr.  Varley,  after  describing  briefly  the  ex- 
ternal constrnctioH  of  an  Atlantic  cable,  says,  "  Now  the  whole  of 
this  presents  a  smooth  exterior,  but  the  moment  the  cable  is  passed 
round  tlie  drum  it  becomes  flat  in  shape  and  you  have  a  number  of 
fibres  sticking  out  of  the  cable.  Wo  now  find  the  cable  bristling  all 
over  with  filaments."  I  do  not  know  to  which  Atlantic  cable  Mr. 
Varley  refers,  but  the  cable  that  becomes  flat  on  the  drum  must  be 
inherently  defective.  Neither  do  I  follow  Mi-.  Varloy  in  hifi  draw- 
ing of  what  may  be  termed  a  "  porcupine  cable ;  "  tliero  may  bo 
fibres  visible  upon  close  examination,  but  they  certainly  are  not  of 
the  exaggerated  proportions  that  I  understand  Mr.  Varley  to  give 
them. 

We  all  know  that  well-manufactured  cables  have  been  raised  out 
of  the  deep  sea  after  having  montlia'  immersion  and  did  not  show 
any  signs  of  flatness  or  filaments,  but  looked  as  perfect  as  when 
in  the  manufacturers'  tanks. 

I  perfectly  agree  with  the  remarks  made  this  evening  by  our 
worthy  President,  that  the  lengthy  arguments  on  priority  which 
followed  the  reading  of  the  papers  have  been  rather  out  of  place, 

tut  I  think  the  fault  lies  on  the  side  of  those  who  raised  the  quea- 
ion  and  not  those  who  answered  them.  I  have  several  remarks 
rhich  I  intended  to  bring  against  the  lengthy  lustorieal  arguments 
f  former  speakers,  but  following  the  President's  desire  I  will  only 
Bm  up  the  conclusion  tx)  which  I  arrive  and  add  a  few  words  which 
nght  not  to  be  forgotten  in  tliis  discussion,  viz.  that  at  the  period 
when  the  Russian  Government  was  manufacturing  and  laying  under- 
ground wires,  the  necessity  for  methods  of  measurements,  resistance 
standards,  and  methotls  for  the  determination  of  faults,  arose  and 
was  overcome  by  Dr.  Werner  Siemens,  who  used  such  methods 
and  established  the  rules  for  testing  as  well  as  creating  tlie  unit 
of  resistance,  and  handed  over  these  methods  and  units  to  the 
electricians  of  English  manufacturers  of  submarine  cables. 
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The  first  methods  for  testing  wires  electrically  and  determining 
faults  were  published  by  Dr.  Werner  Siemens  at  the  meeting  of 
the  great  "Academic  des  Sciences,"  29th  April,  1850,  including 
the  laws  of  electric  charge  and  discharge  in  cables.  These  in- 
vestigations were  also  printed  in  the  archive  of  the  great  Academic, 
also  in  "  Berlin  Physicalischen  Gesellschaft,''  18th  January,  1850, 
and  in  "  Poggendorf 's  Annalen,"  vol.  75,  1850.  In  the  latter 
publication  (at  page  497)  lightning -protectors  with  plates  or 
points  were  mentioned  for  the  first  time,  and  the  insulation  of  a 
line  for  the  first  time  given  in  imits  of  resistance.  Also  the  first 
formulae  and  methods  for  the  determination  of  faults  are  given  on 
pages  493  and  494 ;  finally  the  laws  of  electrical  charges  in  under- 
ground wires  page  499. 

I  agree  with  Mr.  Willoughby  Smith  that  it  is  a  "curious" 
fact  the  great  philosopher  Professor  Faraday  brought  before  the 
public  as  a  new  thing^  investigations  relating  to  gutta-percha, 
which  Dr.  Werner  Siemens  had  previously  published.  Faraday 
re-discovered  Siemens's  laws  of  charges,  but  he  afterwards  acknow- 
ledged Dr.  Siemens's  priority  with  regard  to  the  same. 

If  we  now  consider  that  the  laying  down  of  determined 
methods  and  formulae  for  the  expression  of  electrical  resistance 
and  the  finding  of  faults  not  only  started  from  the  pen  of  Dr. 
Werner  Siemens,  but  that  these  very  methods,  which  were  neces- 
sarily brought  into  life  during  the  manufacture  and  laying  of  the 
thousands  of  miles  of  gutta-percha  underground  wires  in  Prussia, 
afterwards  formed  the  base  for  submarine  testing,  and  if  we  con- 
sider that  those  Prussian  underground  wires  were  made  with  a 
machine  for  the  same  principle  as  those  of  our  days,  and  that 
gutta-percha  was  recommended  and  adopted  as  an  insulating  ma- 
terial for  cables,  then  I  think  every  impartial  judge  must  come  to 
the  conclusion  that,  ^^  The -starting  point  of  submarine  telegraphy  is 
to  be  found  in  the  subterranean  lines  constructed  in  Prussia  during 
the  years  IS^l— 1852:' 

The  President:  This  now  brings  to  a  close  a  most  valuable 
paper  and  interesting  discussion.  I  have  no  ftirther  remarks  to 
offer  on  the  subject,  nor  even  if  I  had  would  time  let  me,  for  our 
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hour  of  closing  is  already  passed.     I  have  therefore  only  to  ask 
you  to  accord  to  Dr.  Siemens  a  hearty  vote  of  thanks  for  his  com- 
munication. 
The  vote  of  thanks  was  carried  with  acclamation. 


The  following  Candidates  were  balloted  for  and  declared  duly 
elected : — 

Foreign  Members  : — 

M.  J.  F.  Niermeyer. 
M.  L.  W.  Courtenay. 

Members  : — 

Viscount  Bury,  K.C.M.G. 
Lieut.  Skinner,  II.E. 

Associates  : — 
Mr.  H.  Marsh. 
„    H.  D.  Wilkinson. 
„   J.  Crawley. 

The  Meeting  then  adjourned. 
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[APPENDIX.] 


Notes  on  Dr.  Werner  Siemens's  Paper  "  On  Subbierging  and 
Testing  Submarine  Telegraphs." 

These  notes  are  obliged  to  appear  in  their,  present  form,  as  I  was 
nnable  to  attend  the  adjourned  meetings  on  the  discussion  of  Dr.  Sie- 
mens's  paper. 

There  are  three  distinct  kinds  of  faults  which  may  happen  to  the 
cable : — 

1st.  Rupture  of  the  conductor  with  the  ends  of  the  copper  inclosed 
in  the  insulating  envelope,  so  as  to  give  partial  or  complete  insu- 
lation on  one  or  both  sides  of  the  break. 
2nd.  Rupture  of  the  conductor  with  the  ends  inclosed  in  the  insula- 
tor, and  giving  partial  or  intermittent  contact. 
3rd.  Rupture  of  the  conductor  with  one  or  both  ends  coming  in 
contact  with  the  water. 
The  measurements  for  the  position  of  the  rupture  by  means  of  dis- 
charge tests  are  well  known,  and  on  shore  can  be  easily  carried  out ;  but 
on  board  ship  and  with  marine  galvanometers  it  is  not  so  easy  nor  so 
certain  to  arrive  at  the  exact  position.    At  sea  I  have  found  the  best 
plan  to  be,  when  using  the  capacity  test,  to  read  with  as  small  a  swing 
of  the  mirror  as  possible  ;  and,  when  comparing  the  discharge  from  the 
cable  with  that  from  a  condenser,  to  vary  the  shunt  resistance  so  as  to 
obtain  as  near  as  possible  the  same  range  of  swing. 

The  method  pointed  out  by  Dr.  Siemens  in  measuring  a  series  of 
abstracted  charges  from  the  cable  is  evidently  of  no  value  if  the  cable 
gives  much  loss  at  the  break,  or  if  the  cable  itself  leaks  fast.  Apart 
from  these  objections,  the  accumulated  possible  errors  in  the  result 
would,  I  should  imagine,  be  of  some  importance. 

In  dealing  with  a  case  where  the  loss  is  not  very  great,  or  at  least  so 
small  as  not  to  be  perceptible  during  the  time  of  taking  an  observation, 
I  know  of  noljetter  plan  than  using  a  portable  electrometer,  the  indica- 
tions of  which  can  be  read  quite  independently  of  the  motion  of  the  ship, 
or  the  length  of  cable  under  test.     The  plan  is  first  to  approximate  by 
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discharge  the  position  of  the  break ;  then  connect  up  a  series  of  con- 
densers, or  some  lengths  of  spare  cable  approximately  equal  to  the  indi- 
cated capacity,  with  a  portable  electrometer  and  battery.  The  reading 
being  taken,  the  battery  is  removed,  the  charged  spare  cable  or  con- 
densers being  left  connected  to  the  electrometer.  The  end  of  the  cable 
to  be  tested,  previously  discharged,  is  now  applied  to  the  electrometer 
and  condensers,  and  the  reading  again  carefully  noted,  from  which  the 
position  of  the  break  is  most  easily  and  reliably  fixed  upon. 

It  is  the  simplest  and  most  certain  process  to  obtain  the  measurement 
by  halving,  if  possible.  Thus,  supposing  with  the  condensers  and  elec- 
trometer the  reading  was  eighty  turns  of  the  micrometer  screw,  and  when 
the  cable  was  connected  up  it  fell  to  forty,  the  capacity  of  the  condensers 
will  be  exactly  the  capacity  of  the  cable  to  the  break,  the  capacity  of 
the  electrometer  being  so  small  as  to  be  neglected. 

The  case  of  partial  or  intermittent  contact  is  an  extremely  unpleasant 
one,  and  requires  -very  great  care.  With  vulcanized  rubber  cores  the 
simplest  plan  is  to  have  a  current  flowing  through  the  cable.  After  a 
time  the  ends  become  coated  with  a  comparatively  insulating  film  of 
sulphide,  when  an  induction  test  can  be  applied. 

When  the  two  ends  can  be  got  at,  and  the  resistance  at  the  break  is 
not  high  enough  to  depend  upon  the  result  of  a  simple  discharge  test, 
the  better  plan  is,  first,  to  charge  the  cable  at  both  ends,  and  note  the 
discharge,  then  take  the  discharge  from  each  end  separately.  Now,  as 
we  are  likely  to  charge  up  both  portions  of  the  cable,  the  two  discharges 
added  will  be  greater  than  when  'the  two  ends  were  tested  together. 
Suppose,  for  example,  with  the  two  ends  together  our  discharge  equals 
100,  and  with  one  end  only  we  get  70  and  on  the  other  40,  we  have  to 
divide  100  into  two  parts,  having  the  ratio  of  these  numbers  for  the 
capacity  on  either  side  to  the  break.  However  carefully  the  test  be  made 
the  actual  position  of  the  fault  will  always  be  nearer  to  the  end  on  the 
shorter  side.  The  higher  the  resistance  at  the  break  the  more  nearly  will 
the  actual  position  of  the  break  coincide  with  that  indicated  by  testing. 
Probably  by  measuring  charge  instead  of  discharge  better  results  may  be 
obtained. 

In  the  third  case,  when  the  ends  are  exposed  to  the  water,  it  has  been 
proposed  to  coat  the  ends  with  a  sub-chloride  of  copper  by  means  of  the 
current,  and  to  measure  the  discharge.  I  have  not  yet  met  with  any 
method  for  dealing  with  this  kind  of  break  which  can  be  considered 
satisfactory,  and  more  especially  if  the  operations  are  carried  out  only  at 
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one  end.  In  localising  snch  a  fault,  and  in  fact  in  dealing  with  all 
faults  generally,  no  precise  line  of  action  can  be  marked  out;  more 
must  depend  upon  tact  and  perseverance  than  on  any  prescribed  regula- 
tion as  to  testing. 

The  earlier  tests  taken  on  a  broken  cable  are  always  more  likely  to  be 
useful  for  pronouncing  on  its  position  than  those  taken  after  the  lapse  of 
a  longer  time,  partly  from  the  corrosion  of  the  copper,  or  the  conductor 
being  taken  away  for  a  short  distance  inside  the  insulator,  which  will 
increase  the  resistance  enormously.  If  a  cable  has  taken  a  few  days  to 
break  asunder,  as  happens  under  the  action  of  a  chafing  or  ab raiding 
motion,  the  tests,  if  the  cable  has  previously  to  breaking  showed  indica- 
tions of  being  faulty,  will  be  of  great  assistance.  In  this  case  systematic 
testing  from  both  ends  should  be  immediately  commenced;  and  such 
time  for  testing  should  be  selected  when  the  cable  is  least  disturbed  by 
earth  currents. 

By  these  precautions  a  fault  was  localised  in  the  cable  between  Para 
and  Cayenne,  which  ultimately  resulted  in  a  break.  The  day  on  which 
interruption  first  showed  itself  was  occupied  in  testing  and  with  satis- 
factory tests  as  to  the  position  of  the  fault ;  but,  although  the  cable  was 
tested  several  weeks  afterwards,  not  a  single  test  could  be  obtained 
from  either  end  which  was  of  the  slightest  value :  so  that,  although 
this  fault  was  not  removed  until  February,  I  elected  to  act  upon  the 
tests  taken  in  October  for  the  place  of  operation.  Whilst  signals  could 
be  transmitted  each  station  exchanged  their  results  every  day,  so  that 
the  repairing  steamer  calling  at  one  station  had  the  data  for  operating 
without  the  necessity  of  going  to  the  other  end  of  the  line. 

In  measuring  the  resistances  for  such  a  fault,  as  well  as  for  extensive 
insulation  faults,  it  is  best  to  bring  the  fault  by  means  of  the  battery  to 
as  constant  a  condition  as  possible.  The  power  required  for  this  must 
depend  upon  circumstances ;  it  is  as  difficult  to  work  upon  a  very  open 
fault  as  it  is  on  a  small  and  varjdng  fault.  Having  fixed  upon  the 
number  of  cells  best  suited,  the  resistance  is  carefully  measured,  which 
by  reversed  currents  and  "  earthing  "  alternately  can  frequently  be  made 
constant.  If  the  cable  is  much  disturbed  by  earth  currents  or  the 
chemical  action  at  the  fault,  it  is  better  to  measure  the  resistance  by 
noting  the  deflections  on  a  dead-beat  galvanometer,  recording  the  deflec- 
tions at  frequent  and  short  intervals  whilst  the  battery  is  on,  and  then 
for  the  same  and  similar  intervals  of  time  taking  the  deflections  on  the 
galvanometer  when  the  cable  is  to  earth,  adding  or  subtracting  the  sum 
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of  these  readings  according  as  they  are  on  the  same  or  opposite  side  of 
zero,  as  the  £b:st  set  of  readings.  The  mean  of  the  algebraical  sum  of 
these  deflections  is  then  reproduced  by  resistances,  using  the  same 
battery-power  and  connections  as  with  the  cable.  In  this  way  an  adjust- 
ment is  carried  out  which  eliminates  all  the  variations  to  which  the  fault 
might  give  rise.  Although  I  believe  this  method  is  well  known  to  most 
experienced  electricians,  I  mention  it  here  as  it  is  not  so  well  known 
as  it  deserves  to  be  by  electricians  generally. 

Before  concluding  I  may  add  that  I  have  seen  and  also  devised  several 
methods  for  dealing  with  small  faults;  but  at  present  I  feel  no 
hesitation  in  saying  tiiat  a  good  method  for  localising  small  faults  in 
submarine  cables  remains  to  be  enunciated. 

Thomas  T.  P.  Bruce  Warren. 
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The  Forty-sixth  Ordinary  General  Meeting  was  held  on  Wednesday, 
the  22nd  March,  1876,  Mr.  C.  V.Walker,  F.R.S.,  President, 
in  the  Chair. 


The  President  :  The  discussion  on  the  paper  "  On  Submerging 
and  Testing  Submarine  Telegraphs  "  by  Dr.  Werner  Siemens  was 
necessarily  closed  at  the  last  meeting:  without  the  usual  reply  and 
remarks  of  the  anitor  of  Ae  paper  Dr.  Siemens  is  not  in  this 
country,  but  he  has  seen  the  notes  of  the  discussion  and  has  sent 
a  reply  thereto  in  addition  to  the  conununication  already  read 
(p.  100.)  This  will  now  be  read  before  we  enter  upon  the  other 
business  of  the  meeting. 

The  Acting-Secretary  then  read  the  following  communication 
from  Dr.  Werner  Siemens : — 

^'  Mr.  J.  A.  Longridge  has  at  the  meeting  of  the  Society  upon  the 
8th  of  this  month  (March)  subjected  my  paper  to  severe  criticism. 
Mr.  Longridge  says  that  I  have  only  adopted  his  work  of  eighteen 
years  ago,  and  suggests  very  plainly  that  my  ideas  and  formulae 
are  mere  transpositions  from  his  own,  under  simpler  conditions 
arising  from  an  erroneous  introduction  of  the  sliding  friction  of 
water.  In  answer  to  these  severe  reproaches  I  have  to  enter  into 
the  matter  more  particularly. 

The  treatise  of  Messrs.  Longridge  and  Brooks  is,  so  far  as  I 
know,  exclusively  published  in  The  Proceedings  of  the  Institute  of 
Civil  Engineers^  vol.  xvii.  for  1858,  consequently  one  year  later 
than  the  demonstration  and  employment  of  the  theory  by  me  on 
the  first  successful  laying  of  a  deep  sea  cable,  that  of  the  Bona- 
Cagliari  cable.  This  theory  was  founded  on  the  supposition  of 
the  falling  cable  taking  a  straight  line,  and  the  sliding  friction  in 
tlie  direction  of  the  cable-laying  being  simply  proportional  to  the 
sliding  velocity.  Mr.  Longridge  is  therefore  scarcely  entitled 
to  assume  that  the  first  idea  has  been  adapted  from  his  treatise 
published  one  year  later. 
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It  !a  to  be  regretted  tliat,  so  far  as  my  knowledge  goes,  Mossrs. 
liongrictgo  and  Brooks'  paper  has  rot  appeared  in  a  generally 
accessible  scientific  jouriialj  and  this  explains  how  it  is  that  I 
derived,  only  in  tlie  summer  of  1874,  onboard  the  "Faraday," 
from  our  engineer  Mr.  Brittle,  the  knowledge  of  the  existence  of 
this  treatise  at  a  time  when  my  ideas  had  long  since  been  formed. 
Aa  in  the  scientific  world  it  is  customary  that  the  right  of  priority 
is  accorded  to  the  first  publication,  I  have,  without  consideration 
of  niy  independence,  acknowledged  the  right  of  the  priority  of 
Messrs.  Longridge  and  Brooks  in  the  purely  mathematical  treat- 
ment of  the  subject,  and  I  have  confined  my  own  claims  to  the 
rectification  and  further  development  of  their  formulie. 

Mr.  Longridge  should  be  thankful  that  I  have  withdrawn  his 
treatise  from  its  eighteen  years'  concealment. 

That  my  formuheand  conclusions  are  not  contained  in  his,  follows 

as  a  sequence  from  tho  fact  that  I  am  declared  to  have  wrongly 

Btat«d  one  of  the  principal  factors  of  tho  calculation — tlie  law  of 

the  sliding-friction  in  water — which  Mr.  Longridge  lias  accepted 

and  for  whicli  I  have  substituted  anotlier.     Moreover,  telegraph 

engineers  experienced  in  cable  laying  will  be  best  able  to  judge 

whether  these  formula;  and  tables  are  the  same,  and  are  not  more 

toadiiy  practicable  than  those  given  by  Messrs.   Longridge   and 

Brooks.     Notwithstanding  this,  my  difference  from  Mr.  Longridge 

concentres  itself  in  the  question  upon  the  law  of  sliding  friction  in 

water. 

Mr.  Longridge  finds  tho  expression  naed  in  the  English  trans- 

L    lation  of  my  paper,  "  the  physical  part  of  the  work,"  incompre- 

■  IwiiMble,     I  willingly  concede  hira  to  be  right  in  this,  aa  it  is  a 

H  too  literal  translation  of  the  German  text.     Li  Germany  by  the 

P    teem  phi/sik  is  understood  what  is  known  in  England  as  N^aiural 

Philoaopfii/.     Tho  intention  was  to  express  that  his  treatment  was 

fo  far  mathematieaUy  correct,  but  that  the  foundations  of  the  calcu- 

liitiflns  and  therefore  the  results  of  the  calculations  were  incorrect, 

Mr.  Longridge  contests  this,  and  seeks  to  prove  the  correctness 

L   of  IiIa  ideas  from  given  authorities,  and  blamoa  me  for  the  facility 

H  with  which  I  declare  error,  without  proving  by  experiments  a  law 

^^^mmonly  acceptecl  as  correct,  to  be  incorrect. 
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He  also  finds  it  absurd  to  accept  a  different  proportion  of  the 
friction  at  the  inside  and  at  the  outside  of  a  tube. 

I  very  well  know  that  practice  has  established  empirical  formulae 
for  the  friction  of  liquids  in  long  tubes  in  which  the  velocity 
appears  at  the  same  time  in  both  the  square  and  iii  the  first  power. 
Similar  empirical  formulae  are  also  established  for  the  motion  of 
water  in  channels  and  open  gutters,  and  these  are  undoubtedly 
correct  to  the  extent  of  the  experiments  on  which  they  are  based. 

Eytelwein  has  theoretically  based  the  quadratic  law  for  the  flow 
through  tubes  on  the  view  that  with  double  the  velocity  twice  as 
much  adhering  water  must  be  torn  away  with  twice  the  rapidity 
from  the  sides  of  the  tube.  He  has  not  considered  that  the  water 
on  the  sides  of  the  tube  does  not  flow  at  all,  but  remains  without 
motion,  and  that  the  velocity  increases  gradually  towards  the  centre, 
so  that  a  concentric  stratum  of  water  thrusts  itself  forward  on  the 
adjacent  strata  with  less  velocity.  In  tubes  of  smaller  diameter  and 
with  not  too  great  water-velocity  we  obtain,  as  has  been  often 
ascertained,  an  outflow  of  water  which  is  directly  proportional  to 
the  pressure  difference.  I  myself  have  shown  this  to  be  un- 
doubtedly the  case  by  a  lengthy  series  of  experiments  published  in 
The  German  Telegraph  Journal^  vol.  xiii.  of  the  year  1866.  These 
experiments  were  made  for  the  purpose  of  showing  the  practicability 
of  such  long  pneumatic  tubes  as  were  intended  for  use  in  Berlin, 
and  which  were  carried  out.  That  with  wide  tubes  and  high- 
current  velocity  there  appears  a  quadratic-velocity  factor,  besides 
that  of  the  first  degree,  is  accounted  for  by  the  liquid  vortices 
arising  in  the  tubes  by  which  vis  viva  is  consumed.  Tlie  same  thing 
occurs  with  the  motion  of  water  in  channels  and  with  other  practical 
experiments  from  which  surface-friction  has  been  concluded. 

But  1  am  obliged  to  compare  the  authorities  quoted  by  Mr. 
Longridge  with  others  whose  competence  he  will  scarcely  doubt: — 

Sliding  Friction  in  Liquids, 

Newton  (Principia  Mathematica  Philosophiae,  lib.  ii.  sec.  9,  1687) 
says  that  the  friction  exerted  by  two  strata  of  fluids  moving  in  the 
same  direction  is  proportional  to  the  difference  of  their  velocities, 
and  in  proportion  to  the  contact-surfaces  of  the  two  strata . 


Fig.l. 


Fig.  2. 
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,   Oscillation  of  a  Plate  in  a  Fluid. 

,  Coolomb  (Mem.  de  I'lnst.  National,  tome  iii. 

.  261)  finds  tliat  the  resistiince  betweeii  solid 

bodies  and  liquids  is  proportional  to  the  velooitj' ; 

if  there  is  a,  change  of  liquid  there  are  two  terras, 

_    one  proportional  to  v  and  the  other  to  i''. 

■  0.  E.  Myer  (Pogg,  113,  p.  55  et  aeq.)  corrects  tlie  theory  under 
^.Qie  same  supposition  with  reference  to  velocity  and  finds  agree- 
^BQ^nt  with  observation ;  measurements  with  a  series  of  liquids, 
^Bilato-glass,  brass,  and  tin-plate, 
^f"   b.   Oscillation  of  a  Liquid-filled  Hollow  Sphere. 

Helmholtz  and  Piotrowsky  (Sitzung  berichte  der  Wiener 
Aeadcmie,  1860,  Bd.  xl.),  Theoretical  Treatises — under  the 
_    supposition  of  proportionality  to  the  velocity- 

■  irith  observation  —experimental  determination  in  a  scries  of 
V  liquids. 

c.  Motion  in  Tubes. 

In  narrow  tubes  Poisonelle^s  law  is  exact ;  this  has  been  ex- 
I  perimentally  found  by  Poisonelle  and  has  been  theoretically  deter- 
l  mined  by  several  authors,  under  the  supposifion  of 
I     proportionality  to  velocity, 

I  For  the  sUding  cable  tlie  same  law  must  exist,  he- 
I  cause  here  (tig.  3)  as  in  the  capillary  tube  tlie  longtli 
t  is  very  great  in  propoi-tion  to  the  diameter:  it  has  to 
B  1*  compared  directly  with  the  motion  inside  a  tube ; 
^1  the  tnbo  in  the  ease  of  the  cable  ia  tliat  stratum  of 
^V  ■Water  in  which  there  is  no  motion ;  instead  of  the 
^P  column  of  water  in  the  tube  the  cable  has  to  be 
^1  imagined,  the  whole  difference  being  in  the  coetfieient  for  friction 
^A  of  the  centra!  liquid  cylinder  which  differs  from  that  for  the  cable. 
^H  Hagenbach  {vide  p.  404)  shows  that  Poisonelle's  formulje  are 
^B  adaptable  for  all  tubes  whose  length  ia  very  largo  in  proportion  to 
^r   tteir  diameter, 

I  In  wide  tubes  the  law  is  complex,  av  +  6r' ;  all  observers  agree 

I  tliat  the  dependence  is  greater  in  proportion  to  v  and  smaller  in 
I  proportion  to  v^.  Hagenbach  shows  that  a  complex  law  av  +  ic* 
I      agrees  with  observation,  and  states   that  the  quadratic  teim.  v& 
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derived  from  vortices  which  at  greater  velocities  occur  through  the 
shaking  of,  and  the  irregularities  in,  the  tube.  The  effect  of  tliese 
vortices  upon  the  central  flow  in  the  tube  must  be  much  more 
important  than  that  of  the  vortices  upon  the  cable  which  may  arise 
from  the  cable  itself.  Then,  also,  in  the  case  last  mentioned  the 
vortices  can  escape  on  all  sides ;  in  the  first  case  they  meet  the 
resistance  of  the  tube. 

There  is,  however,  no  ground  for  the  acceptation  of  vortices,  as 
the  case  of  the  sliding  cable  is  wholly  comparable  with  motion  in 
the  capillary  tube.  And  this  motion  is  in  accordance  with  the 
acceptation  of  the  case  of  cylinders  sliding  one  upon  another. 

Mr.  Longridge  will  understand  from  this  that  I  have  not,  as  he 
thinks,  frivolously  overthrown  a  commonly  accepted  principle  and 
substituted  one  upon  other  motives.  He  has  committed  the  com- 
mon error  of  enlarging  to  too  great  an  extent  upon  the  basis  of  ex- 
periment. But  I  had  in  the  year  1857,  when  I  formed  my  theory 
of  cable  laying,  convinced  myself  by  direct  experiment  that  with  the 
motion  of  a  rope  in  a  straight  line  in  water  the  velocity  produces 
a  directly  proportional  resistance.  I  had,  through  a  perfectly  calm 
sea,  a  log-line  dragging  astern  of  the  cable-ship,  the  line  being 
fastened  to  a  spring-balance.  The  velocity  of  the  ship  was  mea- 
sured by  means  of  an  ordinary  ship's  log ;  the  resistance  measured 
in  kilogrammes  agreed  exactly  for  different  velocities  of  the  vessel 
with  the  speed  shown  by  the  log.  Mr.  Longridge  can,  by  this 
experiment,  easily  convince  himself  of  the  correctness  of  my 
assumption  and  of  the  incorrectness  of  his  formulae.  But  I  advise 
him  to  make  this  experiment  in  calm  water  only,  because  every 
wave-motion  gives  incorrect  results.  I  hope  Mr.  Longridge  will 
comprehend  that  he  has  gone  too  far  in  the  defence  of  his  formulae, 
and  will  acknowledge  the  injury  he  has  done  me." 

The  President  :  I  have  now  to  call  upon  Mr.  Langdon  to  read 
his  paper  which  has  been  announced  for  this  evening  upon  a  sub- 
ject which,  at  the  present  time,  is  practically  interesting,  viz.  on 
i'  Electric  Repeaters  for  Railway  Signals." 


ELECTRIC  REPEATERS  FOR  RAILWAY  SIGNALS. 


By  Mil.  W.  Langdon, 
Superintendent,  Post  Office  Telegraphs. 

Attention  has  recently  been  directed,  in  a  very  forcible  manner, 
lo  the  employment  of  electi-icity  for  re^ieating  back  to  signalmen, 
and  otliers,  the  condition  of  the  signals  worked  by  tiieni  for  tho 
control  of  traffic  on  railways.  It  would  appear  that  one  of  two 
courses  is  needed :  either  that  signals  themselves  shall  be  so  con- 
structed as  to  be  removed  trom  the  influence  of  tho  elements,  or 
tliat  some  means  shall  be  adopted  by  which  the  condition  of  the 
signal — the  arm,  or  disc,  by  day,  and  the  light  by  night — may  be 
brought  clearly  before  the  man  who  is  answerable  for  its  dno 
operation. 

To  alter  tlie  form  of  signal  in  use  upon  any  line  of  railway 

would  not  only  be  n  qucstioii  of  considerable  expouao  but  also  ono 

Ljif  some  difficulty.     Moreover,  it  is  doubtfid  if  a  system  could  be 

ftfirand  which  wotdd  prove  independent  of  those  frequent  mid  often 

P  violent  atmosplieric  changes  of  which  we  have  of  late  Lad  such 

unple  experience.     The  present  system  of  working  signals  is  mi- 

doubtedly  that  which  would  recommend  itself  to  every  practical 

mind  as  the  best  for  general  use.     At  the  same  time  it  ia  equally 

evident  that  it  must  be  subject  to  every  chajige  of  temperature. 

During  a  hot   day  the  wire   by  which   the   signals  are   worked 

Kttpands,  and  under  the  colder  atmosphere  of  night  it  again  con- 

Bbtcts.     A  change  in  the  wind  from  a  wann  to  a  cold  quarter  will 

pWe  the  same  effect.     Some  two  montiia  since  tho  author  watched 

the  working,  or  rather  attempted  working,  of  a  distant  signal  for 

over  an  hour,  during  which,  although  the  lever  in  communication 

with  it  was  operated  in  the  tieual  manner,  the  arm  never  once 

moved  from  the  "  caution  "  position.     And  although  it  may  seem 

strange,  it  is  yet  a  fact;  the  day  was  beautifully  clear,  and  the 

signal,  within  easy  view  of  the  station,  was  not  observed  by  either 

tlie  station  agent  or  tbe  person  who  professed  to  be  working  it,     T.'t 
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IS  questionable  if  such  could  have  been  the  case  had  the  man  had 
placed  in  front  of  his  lever  a  repeater  to  show  whether  the  arm 
rose  to  danger  or  not.  The  weather  during  the  day  in  question 
had  been  warm  in  the  morning,  but  the  wind,  having  changed  from 
the  south-west  to  the  north-east,  was  then  bitterly  cold.  Doubtless 
the  signal  had,  as  was  stated,  been  working  all  right  during  the 
early  part  of  the  day.  To  box  in  wires  working  such  signals  would 
prevent  their  being  loaded  with  snow,  but  it  would  not  protect 
them  from  changes  of  temperature,  although  it  might  help  to  do  so: 
the  arms  themselves  might  be  worked  within  a  case,  but  they  would 
lose  their  present  clear  and  defined  form,  and  in  snow-storms  the 
covering  itself  would  probably  accumulate  the  snow  more  than  the 
arm,  which  it  would  obscure,  and  so  in  itself  become  more  a  source 
of  danger  than  protection.  Let  a  signal  work  ever  so  badly,  if  the 
signalman  is  made  aware  of  it  he  has  means  by  which  he  can  pro- 
vide against  its  inoperation  proving  a  source  of  dangei*.  This  is 
effected  by  what  is  knovm  as  the  ^*  Electric  Repeater." 

There  are  two  forms  of  repeaters,  viz.,  that  for  the  arm  or  disc, 
and  that  for  the  light. 

The  arm-repeater  was  introduced  by  Mr.  W.  H.  Preece,  who 
saw  the  necessity  for  it,  in  1865,  and  tested  it  by  temporarily 
applying  one  of  his  semaphore  block  signal  instruments  to  a  distant 
signal  near  London.  A  combined  "  arm  and  light "  instrument, 
the  joint  invention  of  Mr.  Preece  and  Mr.  A.  Warwick,  followed 
shortly  afterwards.  Instruments  for  either  purpose,  or  for  the 
two  combined,  are  now  in  use  on  several  railways — ^the  London 
and  South  Western,  Great  Northern,  Lancashire  and  Yorkshire, 
Great  Eastern,  &c. ;  but  their  application  has  not  been  so  general 
or  so  rapid  as  recent  circumstances  would  appear  to  render 
desirable. 

The  instruments  are  of  different  forms,  of  different  makes,  and 
are  applied  to  the  signal  itself  in  different  ways.  It  is  with  the 
object  of  determining  the  principles  upon  which  such  instruments 
should  be  made,  applied,  and  worked,  that  the  author  submits  the 
following  remarks  for  the  consideration  of  the  Society,  and  with 
this  view  it  is  proposed  to  deal  with  the  question  in  the  following 
order : — 
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1.  T!ie  necessity  for  tho  employment  of  such  repeatei-s. 

2.  To  what  signals  they  shoiild  be  applied. 

3.  The  nature  of  the  indication. 

4.  The  point  of  connection  with  tlie  signal. 

5.  Form  of  instrument  or  indication. 

6.  Electrical  consti'uction. 
Before  proceeding  to  deal  witli  these  questions,  however,  it  n 

V  ba  advisable  to  give  a  short  description  of  an  insti-ument  and  tlie 
*  mode  in  which  it  is  applied  to,  and  worked  from,  the  signal-post. 


Figs.  1  and  2  represent,  signal  or  arm  repeaters  only.     Fig.  3  the 
arm  and  light  combined. 

Eotli  indicator — that  for  the  arm,  or  that  for  the  light — requires 
an  insulated  wire  between  the  signal-post  and  the  instrument.  The 
construction  of  tlie  instruments  is  exceedingly  simple.  That  for  the 
tignal  consists  merely  of  a  pair  of  electro-magnets  and  an  armature, 
^^m  the  movement  of  which  the  arm  is  actuated,  either  directly,  or 
jff.a  connecting  rod.  When  a  current  passes  t\iro\ig\iftie  eoii&'Ca'a 
■is  attntctod,  and  the  arm  raised  or  lowexei  aa  Ti\wj>iC 
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required.     To  one  end  of  the  electro-magnetic  coik  is  connected  i 
battery  A  (fig.  4),  the  other  pole  of  which  is  to  earth,  and  to  th( 


other  end  of  the  coils  the  electric  wire  B,  in  connection  with  the 
signal-post.  At  the  post  this  wire  is  carried  to  a  spring  C,  fixed 
in  close  proximity  to  the  signal-arm.  To  the  back  of  this  arm  is 
fixed  a  piece  of  metal  D,  and  immediately  above  another  spring 
E,  from  which  a  wire  passes  to  earth.  The  repeater  may  be 
so  constructed  that  the  arm  shall  fall,  by  gravity,  to  all  clear, 
or  it  may  be  made  to  rise  to  danger  by  the  same  power.  We 
will  assume  that  it  is  constructed  on  the  former  principle,  which 
is  probably  the  most  correct.  Now,  when  the  distant  signal 
rises  to  danger,  it  wiU,  in  so  doing,  complete  the  electric  cir- 
cuit, by  placing  the  spring  E  in  contact  with  the  piece  of  metal 
D,  which  is  already  in  contact  with  the  spring  C ;  the  electric 
current  will,  during  the  time  the  arm  is  in  this  position,  con- 
tinue to  flow  from  the  battery  through  the  coils  of  the  repeater, 
along  the  line  wire,  through  the  contact  pieces  at  the  back  of  the 
arm,  to  earth.  But  the  instant  the  arm  of  the  distant  signal  is 
depressed,  or  leaves  the  perfectly  horizontal  position,  the  contact 
between  D  and  C  will  be  broken,  the  current  will  cease  to  flow, 
and  the  repeater  will  record  the  signal  as  off  or  not  at  danger. 

To  know  whether  the  light  of  a  signal-lamp  is  burning,  or  not,  is 
as  important,  or  nearly  so,  as  to  know  whether  the  arm  or  the 
spectacles  act  faithSully  or  not.     At  night  time  and  during  fogs  all 
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clepands  on  tlie  light,  and  the  due  action  of  the  spectacles ;  for 
although  the  iiile  bids  engine-drivers  to  regard  the  absence  of  a 
Kignal  at  points  where  such  is  Itnown  to  exist  as  a  danger-signal,  it 
is"  likeJy  to  lead  to  mistakes ;  because,  in  the  first  place,  where  there 
is  but  one  light  the  driver  may  overshoot  the  spot,  and  in  the  next 
plaeo,  where  there  are  more  than  one,  an  existing  light  may  be 
taken  for  that  which  has  gone  out. 


« 


I 


Fig,  5  will  afford  a  means  of  describing  the  mode  of  register- 
ing the  action  of  the  light,  Ilcgardiiig  it  as  a  central  cross-aection 
of  that  portion  employed  within  the  lamp,  A  A  is  a  circular  iron 
frame,  preferably  made  of  east-iron,  as  being  less  susceptible  of 
•expansion  from  heat.  B  is  a  piece  of  copper  to  fit  A,  beaten  some- 
'.what  concave,  and  firmly  fixed  at  its  circumference  to  the  irame  A. 
At  its  centre,  on  the  reverse  side  to  the  flame,  Is  a  stud  or  pin  C. 
S  is  an  uninsulated  lever,  centred  at  E,  having  imparted  to  it  a 
lency  to  move  downwards  by  the  spring  at  E,  P  ia  an  insu- 
lated cock,  with  adjusting  screw,  the  object  of  which  is  to  regulate 
the  space  between  C  and  D,  as  may  be  required,  and  to  complete 
the  electric  circuit  when  D  is  in  contact  with  it.  To  the  insulated 
cock  F  the  line-wire  is  joined,  and  the  framework  of  the  instru- 
ment is  carried  to  earth.  The  diameter  of  the  iron  frame  A  may 
be  about  three  inches,  and  the  contact  portion  should  he  covered  in 
to  protect  it  from  dirt.  The  whole  may  very  conveniently  bo 
fitted  within  the  top  of  a  signal-lamp  without  intarfexiiig,  ■^\\Ib.  'Oaa 
Bght  or  draught. 
W  k2 
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The  internal  arrangement  of  the  "  light "  recordmg  instrument 
consists  of  a  pair  of  coils  with  an  armature,  to  which  is  attached  a 
wire  rod  with  a  bell-hammer  at  its  extremity.  Beneath  the  instru- 
ment is  a  bell-dome,  so  fixed  that  any  movement  of  the  armature 
shall  cause  it  to  be  struck  by  the  hammer.  The  line-wire  is  con- 
nected with  the  coils  through  a  make-and-break  arrangement,  by 
which  means,  so  long  as  a  current  flows  through  the  wire,  a  con- 
tinuous ringing  of  the  bell  is  kept  up.  Between  the  poles  of  the 
electro-magnet  is  a  permanent  magnet  carrying  a  shield  with  the 
words  OUT  and  IN,  so  adjusted  that  it  shall  by  gravity  exhibit  at 
the  aperture  in  the  face  of  the  instrument  the  word  IN,  whilst  the 
influence  of  the  electric  current  shall  by  reversing  the  position  of 
the  indicator  bring  up  the  signal  OUT.     Now,  if  the  battery  be 

L  ICMT 
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connected  to  the  other  end  of  the  coil  communicating  with  the 
"  light"  instrument,  and  its  other  pole  be  put  to  earth,  we  shall 
have  a  continuous  current  flowing  through  the  coils  of  the  instru- 
ment along  the  line-wire  to  the  adjusting  screw  F,  and  through 
the  lever  D,  to  earth  at  the  signal  lamp.  This  is  so  when  there 
is  no  light  burning ;  but  now  let  a  light  be  applied.  The  heat 
will  speedily  expand  the  metal  disc  B,  which  in  expanding  will 
carry  upwards  the  pin  C,  pressing  it  against  the  lever  D,  and 
finally  carrying  it  away  from  the  contact  G.  The  line  is  then 
interrupted,  and  no  current  can  pass.  The  bell  ceases  ringing,  and 
the  indicator  being  no  longer  under  the  influence  of  the  current 

falls  back  to  <  j^  J ,  and  there  remains  so  long  as  the  in- 
fluence of  the  heat  upon  B  keeps  up  its  expansion.  The  action  is 
therefore  this:  when  the  light  is  burning  the  indicator  shows 
"  light  in,"  and  the  bell  is  quiet ;  when  the  light  grows  dim,  or 
goes  out,  the  electric  circuit  is  again  completed,  tlie  indicator  re- 
cords "  light  out,"  and  the  bell  continues  to  ring  until  it  is  restored. 
To  the  front  of  the  instrument  is  fixed  a  ^  N\\.dv,  fcx  Vixa  ^vvxjn^ose  of 
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itriiigiag  the  light  arraiigomeiit  into  circuit  or  not,  at  pleasiire,  as 
it  is  manifestly  only  required  when  the  lamp  is  in  use. 
fieverting  now  to  the  questious  at  issue  in  the  order  given  we 

1. — As  to  the  necessity  for  the  employment  of  Repeaters. 
Perhaps  no  more  forcible  argument  could  be  ailvanced  in  favour 
of  their  employment  than  the  recent  occurrence  at  Abbots  Itipton. 
A  snowstorm  hid  the  signals  fi'oni  the  signalman's  view ;  it  pre- 
vented the  signals  from  working  efficiently,  and  iin  accident  ensued. 
Had  the  signalman  known  that  his  signals  did  not  rise  to  danger  ho 
could  have  taken  steps  to  prevent  the  accident.  He  had  his  flags,  liis 
lamp,  and  his  fog-signals ;  but,  in  the  fullest  belief  that  the  signal 
had  responded  to  the  lever,  he  used  neither.  How  many  cases  of 
tMs  kind  there  are,  except  that  they  are  fortunately  unattended 
with  a  fatal  result,  it  is  impossible  to  say.  Certain  it  is  that  cases 
do  arise  where  the  signals  do  not  respond  to  the  lever,  and  this 
without  the  knowledge  of  the  signalman. 

Fogs,  rain,  budding  consti-uctloiis,  the  formation  of  the  line — all 
tiiese  are  causes  which  frequently  intervene  to  prevent  a  signal 
being  seen  from  the  point  whence  it  is  worked. 

The  employment  of  electric  repeaters  is,  moreover,  a  good  dis- 
ciplinarian. It  introtluees  a  regularity  in  the  character  of  the 
signals  which  is  otherwise  absent.  Let  the  early  traveller  take 
notice  of  the  signals  at  the  different  stations  as  he  passes  along. 
Here  he  will  see  one  standing  well  out,  fully  at  danger ;  there 
imother  with  an  inclination  towards  caution,  ashamed,  as  it  were, 
to  look  the  di-ivor  in  the  face.  It  has  often  occurred  to  tlie  author 
{hat  the  manner  in  which  a  signal  delivers  its  message  ia  a  very 
eood  indication  of  the  character  of  the  man  who  works  it.  If  it 
eomes  well  to  danger,  and  again  falls  well  to  clear  or  caution,  it  is 
■well  attended,  and  shows  a  desire  on  tlie  part  of  the  man  who 
works  it  to  carry  out  his  duties  well  and  faithfully.  A  slovenly 
4aan  is  too  lazy  to  attend  to  the  adjustment  of  his  wire  until  he  ia 
-obliged  to  do  so ;  hut  let  him  havo  before  him  a  monitor  which 
says  to  him,  "  Your  signal  ia  not  on,"  when  he  has  contented  him- 
self with  throwing  hia  lever  over  to  danger,  and  his  responsibility 

^ip  too  groat  for  lum  to  disre^rt!  it, 

^L  Coming  now  to  the  question  as 
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2. — To  what  Signal  should  Repeaters  be  applied  ? 

It  is  scarcely  necessary  to  say  their  chief  application  must  be  in 
connection  with  the  distant  signal.  Distant  signals  are  the  farthest 
removed  from  the  view  of  the  signalman,  and  are  thus  more  apt  to 
be  obscured  in  fogs  and  bad  weather  than  those  nearer  home.  At 
the  same  time  it  is  an  open  question  whether  starting  signals 
and  home  signals,  where  worked  away  from  the  signal-box,  should 
not  in  a  similar  manner  be  repeated  back  to  the  signal-box.  It  is 
no  doubt  a  safe  principle  to  consider  the  working  of  a  railway 
under  ite  most  adverse  circumstances,' and  to  provide  for  it  accord- 
ingly.  Perhaps  a  dense  fog  is  one  of  the  worst  conditions  under  which 
railway  traffic  can  be  worked.  At  9uch  moments  the  importance 
of  the  due  action  of  every  signal  cannot  be  over  estimated.  The 
fact  that  a  fogman  stands  ready  to  confirm  the  danger  signal  by 
"  detonators,"  does  not  alter  the  circumstances,  for  although,  from 
the  signal  itself  being  obscured,  it  may  not  be  so  important  that  the 
signal  arm  shall  rise  fully  to  danger,  there  is  yet  the  chance  of  the 
wire  hanging  in  a  sheave.  Again,  with  regard  to  the  home  signal^ 
it  is  not  unusual,  especially  with  junction  signals,  for  them  to  be 
erected  over  the  signal-box  entirely  away  from  the  view  of  the 
signalman.  It  is  not,  perhaps,  probable,  but  it  is  at  the  same  time 
quite  possible,  for  a  disconnection  to  take  place  between  the  rod  by 
which  the  arm  is  worked  and  tlie  arm  itself.  It  would  doubtless  be 
a  wise  proceeding  if  even  home  signals  so  placed  at  junctions  were 
repeated,  as  well  as  those  at  a  greater  distance. 

3. — The  nature  of  the  indication. 

Considerable  diversity  of  opinion  exists  as  to  the  nature  of  the 
indication  necessary  to  be  recorded.  Whether  the  repeater  should 
simply  show  when  the  signal  is  at  "danger";  whether  it  should 
show  when  it  is  "  on  "  and  when  it  is  "  off";  or  whether  it  should 
record  the  three  positions,  "  danger,"  "  caution,"  and  "  clear,"  or 
even  go  beyond  this,  and  show  the  intermediate  positions. 

In  dealing  with  this  portion  of  the  subject  it  will  be  well  to 

consider  what  is  the  point  of  danger.     Clearly  the  point  of  danger 

is  that  when  a  signal  which  is  intended  to  be  ON,  and  which  has, 

so  far  as  the  means  of  working  it  is  concerned  been  put  ON,  does 

not  stand  at  danger.     It  is  then  the  man  ^ot^smg^  \\.  t^x^^sox^  \ft  \» 
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told  tile  signal  is  not  on.  If  a  sjgual  dooa  uot  stand  o^'when  it 
supposed  to  have  been  pulled  "  otf,"  i'"  positive  danger  will  arise. 
An  approaching  train  wonld  draw  on  to  witbin  sight  of  tiie  home 
signal,  and  seeing  this  at  "  all  clear  "  wonid  proceed,  the  driver  pro- 
bably indicating  to  the  signalman  as  he  passed  that  his  distant  signal 
was  not  "  off."  With  such  indications  and  with  the  whistle  of  each 
Bucceediug  train,  the  signalman  wonld  speedily  see  to  the  adjust- 
ment of  the  wire.  Repeaters,  to  a  considerable  number,  have  been 
worked  on  this  principle  for  some  time  on  the  London  and  South 
Western,  the  Lancashire  and  Yorkshire,  and  other  lines,  withont 
inconvenience.  Sucli  a  system  requires  but  one  wire,  and  tlio 
battery  power  is  only  in  operation  during  such  time  aa  the  signal 
itself  stands  at  danger. 

To  show  when  the  signal  is  ON  and  OFF,  or  to  show  when  it  is 
at  "danger,"  "caution,"  and  "clear,"  requires  two  wires ;  an  appli- 
cation of  the  duplex  mode  of  working  with  two  batteries  and  a 
modified  arrangement  of  the  instrument ;  or  placing  tlie  hatteriea 
at  the  signal-post,  an  objectionable  course,  as  they  would  certainly 
freeae  during  the  cold  weather,  and  the  electrical  signal  would  thna 
become  inoperative. 

A  method  has  been  proposed  by  Mr.  W.  H.  Preeee  which  will 
overcome  this,  be  applicable  to  the  instruments  in  use,  and  still 
only  consume  tlie  battery  power  when  the  signal  does  not  stand  at 
its  lowest  point,  whether  that  be  "  caution  "  or  *'  all  clear."  Such 
a  method  would  require  a  somewhat  more  complicated  arrange- 
ment at  the  signal-post,  and  would  consequently  be  attended  with 
some  slight  increase  in  first  cost,  but  in  no  way  such  as  to  operate 
against  its  employment  if  deemed  necessaiy, 

4. — The  Point  of  Connection  with  the  Signal. 
This  is  an  important  question.  It  is  the  arm  which  constitutes 
the  signal  by  day  and  the  "  spectacles  "  by  night.  To  these  parts 
then  should  the  connection  be  made.  It  is  believed  that  hitherto 
iio  connection  whatever  has  been  attempted  with  the  "  apoctaeles," 
the  attachment  being  made  either  to  the  arm,  or  to  some  part  of  the 
pod,  or  the  lever  working  the  arm.  A  moment's  reflection  will, 
however,  show  how  desirable  it  is  that  the  connection  should  be 
with  both,  in  such  a  manner  that  tho  action  of  the  0U6  ^a!^  "W 
made  dependent  upon  the  action  of  the  other.     1\iia  ttiay  \i6  ft.«ttft| 
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by  means  of  the  same  wire,  and  with  merely  the  additional  expense 
of  another  pair  of  springs. 

It  may  be  argued  that  there  can  be  no  reason  to  doubt  the  due 
action  of  the  arm  if  the  lever  has  its  due  action,  but  there  is  .the 
chance,  although  perhaps  a  remote  one,  of  a  bolt  giving  way,  or 
the  arm  becoming  loose  on  its  socket,  and  it  is  desirable  to  provide 
against  such  chances  happening  at  inopportune  moments.  It  is 
not  unknown  to  the  author  that  there  are  signals  which,  from  their 
height  and  construction,  it  would  be  diflScult  to  so  fit,  but  these  are 
the  very  signals  which  should  be  so  fitted,  because  it  may  be  fairly 
assumed  they  are  from  those  very  causes  less  likely  to  meet  with 
that  careful  inspection  from  the  mechanical  branch  of  the  service 
so  necessary  to  keep  them  in  proper  repair,  and  so  avoid  failure. 

Disc  signals  should  in  a  like  manner,  where  possible,  be  fitted 
at  the  iron  shaft  to  which  the  disc  is  fixed,  and  the  electrical  con- 
nection with  these  should  be  made  as  with  the  semaphore,  through 
the  fittings  applied  to  the  shaft  carrying  the  lamp  for  the  night 
signals. 

The  connection  for  the  "  light "  repeater  will  of  course  in  all 
cases  be  with  the  lamp. 

5. — The  Form  of  Instrument y  or  Indication, 

As  with  block  instruments,  so  with  electric  repeaters,  various 
means  are  employed  for  indicating  the  condition  of  the  signal. 
With  the  instrument  adopted  by  Mr.  Preece,  a  miniature  semaphore 
is,  as  a  rule,  used,  but  other  forms  of  miniatures  of  the  signals  to  be 
repeated  have  been,  and  still  are,  employed.  With  Mr.  Warwick 
an  indicator  or  pointer  has  been  made  use  of,  whilst  Mr.  Spagno- 
letti  uses  a  small  shield  with  the  words  ON  and  OFF,  which  are 
brought  up  to  an  aperture  in  the  face  of  the  instrument  in  accord- 
ance with  the  movement  of  the  arm.  For  the  liffht  record,  a  some- 
what similar  arrangement  is  employed  by  each,  viz.:  a  shield 
carrying  the  words  OUT  and  IN,  or  an  indicator  pointing  to  the 
same,  as  the  case  may  be,  whilst  with  the  first-named  indication  a 
bell  is  set  ringing,  and  continues  to  ring  until  the  light  is  restored,  or 
that  portion  of  the  apparatus  is  put  out  of  circuit  by  the  use  of  a 
small  switch,  fitted  to  the  instrument  with  that  object. 

There  is  probably  no  great  choice  between  the  forms  mentioned, 
/or  assuming  every  signalman  ia  a\3i^c\^iiWy  ^9co5i^\«5L  \ft  t^^A  the 
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^m  words  quoted  lie  can  make  a  mistake  with  difficulty;  atiil  tliero 
r  luaj  be  advantages  in  employing  tliat  form  of  instrumcut  which 
I  accords  most  with  the  signal  and  requires  merely  a  knowledge  of 
I  llie  action  of  the  signal  to  decipher  a  danger  from  a  clear  or  eaution 
I  signal. 
I  6. — ■Electrical  Construction, 

Under  this  head  we  have  to  deal  with  the  construction  of  the 
insfniment,  and  tlie  mode  of  applying  the  contact  arrangement  to 
ilia  signal-post. 

Hie  instrument  should-  be  bo  constructed  that  it  should  bo 
uademagDieti^able,  and  Us  signals  unreversible  from  atmospheric 
causes.  Its  normal  condition  should  be  that  which  affords  the 
"all  clear,"  or  *' caution"  signal,  where  the  signal  repeated  can 
only  be  lowered  to  that  position.  Its  "danger  signal "  should  be  that 
produced  by  the  action  of  the  electric  current. 

The  reasons  for  this  will  be  self-evident.  If  the  signal  be  not 
unrfiversible  from  ntmospjieric  causes  wo  should  be  apt  to  have  an 
opposite  indication  to  that  required.  If  it  is  not  Tindeniagnetizablo 
we  should  have  a  signal  wmiting  in  intensity  or  completeness.  If 
its  normal  condition  were  that  of  danger  instead  of  all  clear,  any 
defect  in  the  apparatus,  or  the  wire,  woidd  show  the  signal  to  be  at 
danger  when  it  might  not  be  in  that  position.  Constructed  upon  this 
principle,  gravity  may  be  employed  to  produce  the  all  clear  signal, 
anil  the  action  of  the  current  the  danger  signal. 

The  system  hitherto  generally  employed  for  forming  the  contact 
«t  the  signal-post  has  been  by  means  of  two  strong  springs  fixed 
to  the  signal-post,  which  are  brought  into  electrical  circuit  with 
Rich  other  by  means  of  a  piece  of  brass,  fixed  to  the  back  of  the 
signal-arm ,  when  it  is  at  danger  ;  but  which  are  disconnected  when 
tile  arm  is  in  the  least  removed  from  that  position.  These  springs  are 
merely  protected  from  the  wet  by  a  small  roof  or  covering.  It  has 
"iCBn  suggested  thatthis  arrangement  should  be  further  protectetl  from 
tile  damp  air  and  frost ;  tliat  it  should,  in  fact,  be  more  completely 
wvered  in,  and  treated  as  a  key;  but  there  are  good  reasons  for  the 
employment  of  this  rough  and  ready  system.  The  rub  is  a  good  one, 
letter  calculated  to  insure  good  contact  than  if  the  arrangement 
more  approached  that  of  an  instrument  key.  It  is  strong,  and  well 
cidculatcl  to  bear  tlic  rou^h  action  of  the  arm,  anOi'it  »ias\\iei^- 
to  ally  nicety.     Should  it  become   coated  ■Vfit'h.  a  ?im  Q^  \'i' 
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(Inrinf:  froAty  woather,  a  movement  of  the  arm  up  and  dowB  Ami 
if  the  Hjirinfi^d  are  Htron^^  enouf^h,  remove  it.  Still  theempkniK 
of  a  Btrotif;  key,  with  a  good  rubbing  action,  nught  be 
with  convenience  in  fixing  and  for  repair. 

In  eoncluAion,  with  every  confidence  in  the  eflSci^icy  and  po«r 
of  thcHc  inntruments  to  perform  the  work  required  of  them, 
men  should  bo  instructed,  wherever  a  repeater  is  in  i 
to  mppoie^  because  it  does  not  actj  that  the  repeater  is  wmm^k 
on  the  reversej  to  conclude  that  it  U  hie  tignal  which  is  teromp^ 
take  steps  at  once  to  assure  himself  of  the  contrary. 


Mr.  Lakodok  (supplemental  to  his  paper)  said  :  Mr.  Preside 
I  am  glad  to  have  this  opportunity  of  bringing  nnder  tiie  considB^ 
tion  of  this  Society  a  subject  which  I  feel  to  be  of  importanoe,  af 
only  to  railway  companies  but  also  to  railway  travellers.  Het 
can  be  no  question  that  if  railway  signals  are  necessary  at  iBir 
the  protection  of  railway  traffic  it  is  equally  necessary  some  recot 
should  be  obtained  in  order  to  show  that  they  work  as  they  fi? 
intended  to  work.  It  may  be  advanced  as  an  argument  agaiis 
the  employment  of  electric  repeater  signals  that  there  are  dm 
railways  on  which  they  have  never  been  used,  the  traflSc  on  wioii 
has  been  conducted  hitherto  with  perfect  safety,  and  in  Ruch  aw» 
ner  as  to  show  that  there  is  no  want  whatever  of  repetition  totk 
signal ;  but  the  same  might  have  been  argued  with  regard  to  tk 
signals  recently  used  on  the  Great  Northern  line  at  Abbots  Riptfl 
had  not  the  trains  there  followed  in  close  proximity  one  on  the  other. 
Had  there  been  a  greater  interval  between  them,  in  all  probabilitr 
the  accident  would  not  have  arisen ;  and  the  same  might  be  ui^ 
in  other  ways.  Unless  signals  for  the  government  of  railway  tn& 
can  be  made  infallible,  a  repetition  of  some  kind  is  certainly  neces- 
sary in  the  present  state  of  increased  railway  traffic.  But  it  mark 
farther  argued  that  electric  repeaters  have  already  established  than* 
selves.  Such,  no  doubt,  is  the  fact  with  regard  to  some  of  our  railwavs) 

w 

)ut  even  in  those  cases  it  is  only  the  fact  to  a  very  partial  extent 

dllectric  repeaters  have  been  employed  only  in  isolated  places,  of 

under  special  conditions.     For  instance — ^where  the  signals  i» 
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ffay  from  the   signalman's  view  entirely,   or   perhaps  at  some 

MJortaiit  junction  where  some  mishap  may  liave  occurred,   or 

Siere  somethijig  may  have  arisen  to  shake  the  confidence  of  tlie 

piiway  manager  in  the  signals  at  that  point. 

'  In  the  paper  which  I  have  read  I  have  not  attempted  to  deal  in 

Itail  with  tlie  several  forma  of  instruments  that  are  used  for  this 

;  neither  liave  I  sought  to  explain  the  means  of  applying 

liem  to  the  signals  which  are  required  to  be  repeated  ;  for  I  have 

ight  that  an  opportunity  sueh  aa  this  would  he  embraced  by  nil 

e  interested  in  the  question  to  discuss  these  points,  and  to  bring 

lefore  the  Society  sueh  appliances  as  were  thought  fit  for  the  occa- 

;  and  that  it  would  be  better  to  leave  to  those  interested  in 

bem  the  explanation  of  their  arrangement,  electrical  and  other- 

1*186.     I  am   sorry  I  have   been  so  unfortunate  with  regard  to 

ide  instruments,  which  ought  to  have  arrived  this  afternoon,  as 

otherwise  I  should  have  been  able  to  have  given  a  more  practical 

iilastration  of  the  action  of  the  signals,  and  a  better  description, 

perhaps,  of  the  electrical  formation  of  tho  instrument.     I  do  not 

tliiiik  a  more  opportune  occasion  could  have  occurred  for  the  dia- 

cnssion  of  this  question  than  the  present.     Tlie  railway  mind  bas 

been  brought  to  look  upon  it  in  a  very  forcible  manner.    We,  our- 

splves,  are  here  under  the  presidency  of  one  who  has  spent  no 

small  portion  of  his  life  in  the  application  of  electricity  to  railway 

Working;  and,  no  doubt,  whatever  decision  it  may  lead  to,  the 

■result  will  bo  looked  upon  by  railway  companies  as  having  been 

rirly  fought  out  and  dealt  with  by  railway  men. 

I  The  PREsrDENTi  You  have  heard  this  paper  read.     It  must 

live  reminded  some  of  yon  of  a  couplet  in  Homer's  Iliad,  thus 

inslated : — 

A  ntse  phjaician,  skilled  our  wonnds  to  hoal. 
Is  moro  than  armies  in  tlie  comiQoii-weal. 

I  mean,  that  electricity  is  now  so  pressed  into  tho  service  of  rail- 
lys,  that  not  only  is  safety  mainly  dependent  upon  it ;  but  it 
sps  them  in  a  wholesome  state  of  health.  Trains,  for  instance, 
kept  apart  by  its  use,  but  it  heals  the  wouuds  and  accidents  of 
their  system ;  if  a  casualty  occurs,  the  responsibility  for  softening 
blow  rests  with  those  who  have  tho  charge  of  tho  electrical  ap- 

If  iaconveuiences  occur  witliiii  a  train.  -w^Vven  Ua\-^\v\^, 
itr/city  is  responsible  if  the  passenger  fails  in  getting  \X\*b  «.Vuea.- 
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tion  of  the  guard,  or  if  the  guard  fails  in  getting  the  attention  of 
the  engine-driver.  If  the  distant  signals  fail  to  obey  the  levers  of 
the  signalman,  electricity  is  responsible  to  tell  the  tale.  In  fact, 
the  more  you  look  into  railways  the  more  you  will  see  and  con- 
tinue to  see  that  with  us  railway  telegraph  engineers  a  large 
weight  of  responsibility  rests.  Whatever  goes  wrong,  we  are 
called  into  requisition.  Should  an  engine  break  down,  or  defects 
of  any  kind  occur  on  the  railway  itself,  and  should  electricity 
fail  to  reach  the  electro-magnets  and  galvanometers,  and  do  its 
full  duty,  the  electric  telegraph  department  has  to  bear  the  burden 
of  failure.  But,  also,  what  a  very  great  friend  electricity  is  to  the 
travelling  public  !  Of  this  I,  myself,  can  personally  bear  witness. 
I  have  now  to  call  upon  gentlemen  present,  who,  I  have  no  doubt, 
will  be  glad  to  speak  upon  this  attractive  and  very  interesting 
subject. 

Mr.  HiGGiNS :  I  believe  it  is  better  to  have  two  wires  to  work 
the  signal  mechanically  instead  of  one  wire,  as  well  as  the  tele- 
graph. This  would  have  the  advantage  of  requiring  less  strain  to 
lift  the  danger  signal,  and  would  also  indicate  when  the  wire  was 
broken ;  it  could  only  go  wrong  at  any  time  to  the  extent  of 
putting  the  danger  signal  at  ^'  caution."  The  plan  which  I  recom- 
mend would  be  to  have  a  drum  in  connection  with  the  semaphore 
arms,  or  the  rods  which  lift  them,  and  a  corresponding  drum  at 
the  signal-box.  A  wire,  endless  or  not,  should  then  be  fastened 
with  staples  to  the  drums.  Any  movements  of  this  drum  at  the 
signal-box  will  produce  a  corresponding  movement  of  the  drum  at 
the  signal -post.  In  case  the  wire  break  the  signalman  would  see  by 
that  wire  not  being  pulled  out  that  the  signal  had  not  responded 
to  his  wish.  When  a  wire  breaks  between  the  time  of  the  signal 
being  put  on  and  being  required  to  be  put  off,  that  could  not  affect 
the  trains,  because  the  signal  only  waits  the  signalman's  pleasure 
to  change,  and  as  soon  as  he  wishes  to  change  if  the  wire  is 
broken  he  would  discover  that  by  the  broken  wire  not  acting. 
Snow  could  not  affect  the  arm  if  worked  in  this  manner,  because 
in  the  ordinary  arrangement  the  semaphore  arm  is  pulled  up  by 
the  countorpoiso  weight,  and  the  counterpoise  is  lifted  by  pulling  a 
wire.  In  this  case  tliere  is  no  counterpoise  to  move,  and  the  wire 
on  that  account  would  be  a  little  lighter  tlian  the  other. 
Mr,  Sach:  I  feel  personally  mucla  o\A\g|e>di  Vi  lKx.\«xv^<;^tifo]? 
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briiigiiig  this  aubject  forward,  as  it  is  one  of  great  interest  to 
telegraph  engineers.  AJtliougli  I  think  tlie  railway  telegraph 
engineers  and  railway  companies  are  fully  alive  to  the  value  of 
electric  repeafors,  and  have  been  for  several  years,  I  iiui  an  advo- 
cate for  their  use — they  are  already  in  operation  on  an  cxtonsive 
scale.  I  myself  have  some  200  to  250  in  use,  and  am  adding  to 
tbem  every  week.  I  rather  object  to  Mr.  Langdon's  view  of 
having  the  battery  inside  tlie  signal-hox.  I  think  it  is  much  bettor 
to  have  it  at  tlio  post,  for  the  signalman  then  knows  begets  the  direct 
and  proper  action  of  the  cuiTent ;  there  is  more  liabiHty  to  error 
if  it  is  in  the  aignal-box,  for  instanoe,  in  a  closed  circuit,  with  the 
arm  at  danger,  and  a  wire  breaking  with  its  end  on  the  ground,  the 
repeater  would  still  show  at  danger,  although  the  arm  at  tlie  signal 
point  might  be  at  safety.  Tliere  are  other  chances  of  mistake  also 
by  the  battery  being  at  the  same  end  with  tlie  repeater. 

Tlien  there  is  the  matter  of  making  contact.   I  have  tried  various 
methods  of  contact,  and  I  find  those  exposed  to  the  weatlier  in  all 
eases  get  defective.     I  tlmik  every  contact  should  bo  enclosed — 
cased  in  and  protected  from  the  weather — tlien  you  can  insure  a 
good  contact  at  all  times,    I  have  a  specimen  of  contact  here.    This 
is  acted  upon  from  below,  and  beiog  so  it  enables  you  to  case  the 
whole  in  and  hermetically  seal  it.     I  have  here  a  piece  of  No.  8 
wire,  extending  to  the  under  part  of  the  arm,  and  when  the  arm  is 
lowered  this  lowers  with  it,  and  the  lowering  of  the  arm  breaks 
the  contact,  and  the  raising  of  the  arm  makes  contact.     The  action 
t  is  direct  from  the  arm  itself,  and  not  depending  upon  a  rod  or  any 
I  other  apparatus.     I  have  used  contacts  of  various  kinds,  and  I  find 
I  that  the  contacts  require  protection  from  tlie  weather. 
Mr.  Varlet  :  What  metal  do  you  use  for  the  contact  ? 
Mr.  8ace  :  You  may  use  gun  or  any  other  metal.     I  am  using 
alvanized  iron  now,  and  have  not  had  a  single  failure. 
Mr.  Langdon  :  How  long  have  you  used  batteries  at  the  posts, 
'and  do  you  not  find  they  freeze  in  cold  weather  ? 

The  Presidkkt:  Perhaps  it  will  be  more  convenient  to  answer 
those  questions  at  the  end  of  the  discussion. 

Mr.  SacH:  I  may  say  that  batteries  will  freeze  without  some 

little  preventive ;  but,  hy  making  a  rough  sort  of  shell  and  placing 

B  lining  of  felt  between  it  anil  tho  outer  box    lieve  ia'a.'o.  eS<Jic^ai^ 

Bemeth-.-  ire  I'nvc  luloptod  this  jilan  with  complete  s 
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Mr.  E.  T.  Rolls:  I  have  derived  much  pleasure  from  Mr, 
Langdon's  paper,  seeing  that  the  subject  is  of  so  much  importance 
in  railway  working.  I  quite  endorse  Mr.  Langdon's  remarks 
upon  the  varying  tension  of  the  signal  wire,  and  can  go  even 
further,  for  I  know  it  to  be  a  fact  that  upon  a  day  of  intermittent 
sunshine  the  length  of  the  wire  varies  with  the  passing  clouds. 

Some  experience  in  the  maintenance  of  repeaters  has  convinced 
me  that  for  various  reasons  contacts  are  best  encased  and  protected 
from  the  weather. 

First,  because  in  frosty  weather,  just  when  fogs  are  most  likely 
to  make  repeaters  of  vital  necessity,  an  exposed  brass  plate  fre- 
quently acquires  an  insulating  envelope  of  ice,  and  I  do  not  find 
that  springs  flexible  enough  to  be  safe  from  breakage  will  scrape 
their  way  through  this  glacial  envelope,  and  then  signalmen  are 
apt^tojget  into  the  way  of  saying,  "  Oh,  it's  the  frost." 

Secondly,  by  exposure  to  moisture  chemical  and  sometimes 
electrolytic  action  will  frequently  coat  the  exposed  plates  with  salts 
of  copper  from  the  brass. 

As  to  the  nature  of  the  indication  I  am  of  opinion  that  the 
repeater  should  certainly  show  the  two  positions  of  '^off "  and  ^^on." 
By  making  the  current  actuate  both  signals,  a  double  check  is 
obtained ;  the  working  battery  may  be  thereby  more  rapidly  con- 
sumed, but  this  has  not  been  found  objectionable  in  some  block 
systems. 

Further,  such  a  plan  would  be  more  satisfactory  to  most  of 
the  men,  who  sometimes  complain  that  in  regulating  the  wire  to 
suit  the  "on"  repeater  signal  they  have  nothing  to  check  them 
against  overdoing  it  and  making  the  wire  too  slack  to  get  it  off. 

To  obviate  the  exposed  contacts,  and  register  both  positions  of 
the  arm,  using  only  one  wire,  I  would  place  working  upon  the 
same  axis  as  the  arm  and  well  cased  a  4-way  switch,  which  would 
show  the  signal  to  be  on  or  off,  as  the  case  may  be. 

The  battery  must  be  kept  by  the  signal-post,  and  so  far  from 
being  a  disadvantage  I  consider  this  a  gain  ;  witli  a  stout  kennel 
covered  with  roofing-felt,  an  excellent  non-conductor  of  heat,  frost 
need  not  be  feared.  I  have  had  batteries  exposed  under  such  con- 
ditions through  the  last  two  severe  winters,  but  no  failure  occurred. 
At  the  worst  a  hand-lamp  could  be  introduced  to  warm  the  little 
battery  hut,  as  is  sometimes  done  in  tlie  aigual-box  battery  cup- 
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Iward — there,  witli  more  reason,  three  sides  being  uaually  only 
protected  from  tlie  air  by  thin  matchboarding  sometimes  not  devoid 
of  open  chinks.  The  advantage  I  claim  is  that  the  lineman  must 
go  to  the  signal  itself  to  attend  to  the  battery,  and  then  he  will 
probably  examine  the  contacts.  But  with  the  battery  in  the  signal- 
box  and  tiie  contacts  on  a  signal  perhaps  three-quarters  of  a  milo 
away,  a  lineman  in  dirty  weather  is  apt  to  shirk  the  work  of 
making  a  journey  to  the  signal  and  back.     . 

Aa  to  the  light  repeater.     I  have  had  workiug  for  some  time  an 
L  apparatus  consisting  of  two  compound  plates  arranged  thus : — 


The  steel  of  the  top-plate  is  on  the  upper  side,  the  brass  at  the 
'bottom.  The  lower  plate  has  the  steel  imderneath ;  they  are  both 
rivetted  together  at  one  end  a,  and  at  the  other  end  b,  one  plate  is 
fixed  to  the  side  of  the  lamps.  8  ia  a  contact-screw  insulated  from 
the  rest  of  the  apparatus. 

Under  the  influence  of  heat  the  plates  curve  in  opposite  directions, 
and  the  lower  composite  plate  also  tips  the  top  one  upwards,  adding 
this  motion  to  that  obtained  by  tlie  curvature  by  heat,  and  the  two 
plates  assume  something  like  this  position : — 


^ 


Thus  without  the  assistance  of  any  multiplying  lever  or  otliw 
<levice  of  the  kind  a  very  wide  motion  is  obtained  direct  from  the 
Bource,  so  aflbrdijig  great  nicety  of  adjustment  by  the  insulated 
contact-screw,  and  a  good  rubbing- contact. 

Two  of  those  repeaters  have  been  at  work  for  a  considerable  time 
without  failui-e  ;  as  far  as  I  have  any  knowledge,  for  more  than  two 
jeara  without  a  hitch;  one  was  attached  to  a  lamp  with  a  varying 
gas-8upply,  and  invariably  rang  up  the  signalman  for  ■mote  ^«a 
it  sunk  too  Jon;  as  it  sometimes  did  in  tW  sraaW  \\oviia. 
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All  these  light-repeaters  require  a  wire  for  their  separate  use, 
but  it  has  just  occurred  to  me  that  by  placing  in  circuit  a  tube  of 
selenium  in  froftt  of  lamps  showing  white  and  red  and  having  also 
in  circuit  a  balanced  resistance,  the  disturbance  of  this  balance  by 
the  varying  action  upon  the  selenium  of  the  actinic  white  rays  and 
non-actinic  red  would  enable  a  single  wire  to  record  by  day 
the  position  of  the  arm,  the  spectacle  by  night,  and  the  condition 
of  the  light. 

I  have  placed  one  of  the  light-repeaters  on  the  table,  and  shall  be 
happy  after  the  discussion  to  explain  its  working  more  fuUy. 

Mr.  A.  J.  S.  Adams  :  I  have  seen  on  some  railways  the  repeater 
described  by  Mr.  Langdon,  in  which  the  bar  or  rod  moving  the 
arm  has  a  plate  attached  to  it,  the  plate  passing  up  or  down  between 
two  insulated  springs.  It  struck  me  as  being  possible  for  the  cor- 
recting-bolt  to  slip  and  allow  the  bar  to  slide  without  moving  the 
arm ;  therefore  I  think  the  proper  place  for  the  contact  is  between 
the  arm  itself  and  a  metal  contact.  I  have  watched  some  of  these 
repeaters  on  the  Great  Eastern  Railway  for  three  winters,  and  they 
have  always  presented  clean  contact-surfaces. 

Mr.  C.  E.  Spagnoletti  :  With  regard  to  signal-repeaters, 
which  Mr.  Langdon's  useful  paper  has  brought  before  us,  the  first 
I  tried  was  on  the  Metropolitan  Railway,  in  1863.  When  that 
line  was  first  opened  it  was  required  to  work  signals  from  one 
station  to  the  next  station  in  the  rear  ;  and  as  the  distance  was 
great  it  became  a  question  whether  the  signals  should  not  be 
repeated.  This  being  decided  to  be  done,  I  put  up  several 
repeaters  and  they  worked  well,  but  it  was  found  the  distance  was 
too  great  for  the  signals  to  work  satisfactorily,  and  consequently 
they,  with  the  repeaters,  were  removed  and  the  line  was  worked 
on  my  block  system  entirely.  Some  have  lately  been  fixed  on  the 
Great  Western  Railway  on  the  principle  of  which  I  have  a  model 
here.  This  system  shows  the  position  of  the  arm,  when  it  is  on, 
when  it  is  oiF,  and  when  it  is  wrong,  ie,j  a  doubtful  position 
between  a  certain  and  unmistakeable  signal,  because  it  is  possible 
where  you  have  only  one  contact  which  most  electricians  use,  if  the 
arm  is  just  below  the  contact-point  the  indicator  would  show  the 
signal  was  down,  whereas  the  signal  might  be  mistaken  by  the 
driver  for  being  up,  and  it  would  be  the  cause  of  delay  as  well  as 
clieei:  the  train.     The  system  is  exceasively  avmijle,  which  is  a  most 
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essential  requisite,  and  the  apparatus  is  fixed  where  it  is  easily- 
got  at  to  clean  if  required,  and  to  be  looked  at  at  all  times.     The 
spindle  which  works  the  signal-arm  is  squared  at  one  end,  and  on 
this  end  there  is  a  little  metal  key ;  this  is  boxed  in,  and  the  box 
covering  it  contains  two  springs  ;  one  is  the  zinc  pole  of  the  battery 
and  the  other  the  copper,  and  the  spindle  itself  forms  earth.     The 
line-wire  is  attached  to  the  centre  of  the  battery,  and  the  current  is 
sent  from  either  pole  as.the  key  on  the  signal-spindle  is  worked,  and 
by  the  one  battery  you  get  the  double  movement.     Tlie  battery  is 
placed  in  a  box  at  the  post,  and  from  its  being  in  this  position  you 
know  the  signal  you  get  on  the  instrument  must  come  fi'om  that 
post,  whereas  if  the  battery  is  in  the  signal-box  accidents  can  and 
do  happen  by  which  the  signal  may  by  the  instrument  be  showing 
as  working  all  right  when  it  is  really  not  working  properly.     The 
box  in  which  the  battery  is,  is  made  with  a  double  casing,  filled  up 
or  packed  with  sawdust.     This  is  sufficient  to  prevent  freezing  in 
a  severe  frost,  and  we  have  never  had  any  trouble  with  boxes  of 
this  description.     This  system  only  requires  one  wire,  because  by 
the  reversal  of  the  current  we  get  two  signals,  and  by  the  per- 
sistent current  which  costs  very  little  extra  you  always  get  an 
immediate  register  on  the  disc  instruments  if  any  accident  should 
happen  to  the  wire,  instruments,  or  battery.     The  lamp  indicator 
we   are   using  is  simply  a  mixed   metal  bar  of  brass  and  steel, 
so  arranged  that  the  expansion  shall  be  increased  by  a  lever  action, 
and    I    find  we   can  with    one  of  these  expanders   get   contact 
in  10  seconds,  and  it   takes  15  seconds  to  show  the  contact  off 
again.      The    great  difficulty  I  find  with  the  lamp    expander  is 
the  variation  of  the  burning  of  the  lamp.     If  oil  is  used  it  burns 
for  many  hours,  but  towards  the  morning  the   flame   gets  low, 
either  from  bad   oil,  want  of  oil,  or  carbonized  wick,  and  then 
the   signal   "lamp   out"   is   shown,   which   is   right  practically; 
although  the  lamp  is  not  really  out,  it  is  burning  too  low  to  give  a 
good  and  clear  signal.     When  gas  is  used  we  find  when  tlie  pres- 
sure is  turned  off  towards  midnight  the  reduced  pressure  affects 
it  and  its  results  are  varying,  and  1  have  found  it  necessary  to 
arrange    them,  that   the    contact  when   the   lamp  is  in  shall  bo 
made  with  a  minimum  amount  of  light  sufficient  to  give  a  good 

VOL.  V.  L 
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and  clear  signal,  and  however  much  more  heat  you  may  get,  and 
the  expander  increase  on  its  expansion,  contact  shall  be  kept  up 
between  this  minimum  point  and  the  maximum  point  of  expansion, 
no  matter  how  it  varies  between  these  two  points ;  but  directly  it 
contracts  sufficiently  to  get  below  the  minimum  point  then  contact 
is  broken  and  the  lamp  is  shown  as  out,  which  for  practical  pur- 
poses it  may  considered  to  be.  The  indicator  I  use  is  one  of  my 
ordinary  disc  instruments ;  one  disc  recording  the  movement  of  the 
signal  arm,  whether  off,  on,  or  wrong,  the  other  disc  recording  the 
burning  of  the  lamp,  showing  lamp  in  or  out.  In  connection 
with  the  light  indicator  there  is  a.  switch;  the  man  lights  the 
lamp,  and  when  the  disc  shows  "  light  in,"  he  then  turns  the 
switch  handle  to  bell  on,  and  brings  the  bell  in  circuit.  K  the 
lamp  goes  out  the  contact  made  with  the  disc  is  broken,  and  it  falls 
to  ''  lamp  out,"  and  the  bell  at  once  commences  to  ring,  calling  the 
attention  of  the  man  to  the  fact  at  once ;  if  the  switch  is  turned  off 
the  bell  stops  ringing,  but  the  disc  still  shows  "  lamp  out "  until 
the  lamp  is  relit.  The  bell  affords  an  excellent  means  of  testing  the 
instrument  at  any  time  during  the  day.  You  have  only  to  turn 
the  switch-handle  to  "  bell  on  "  to  see  that  the  instrument  and  battery 
is  in  good  order.  This  is  an  economical  system  to  use,  and  economy 
is  a  necessary  thing,  because  if  these  repeaters  are  very  largely 
used,  which  no  doubt  they  will  be,  their  cost  will  form  a  consider- 
able item.  Mr.  Higgins  has  called  attention  to  night  to  the  double 
wire  system :  that  is  a  very  good  system,  being  one  of  the  first, 
and  was  introduced  by  Mr.  Brunei  on  the  Great  Western  Bail- 
way;  in  fact  I  believe  it  was  his  own  signal,  and  was  worked 
with  a  double  wire,  but  although  the  signal  may  go  to  danger,  yet 
if  the  wire  breaks  you  have  no  indication  of  the  fact  that  the  wire 
has  become  broken  in  the  signal-box  unless  the  lever  was  moved. 

The  President  then  announced  that,  as  the  hour  for  closing  had 
arrived,  the  discussion  on  this  paper  would  be  adjourned  until  the 
next  meeting. 
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The  Forty-seventh  Ordinary  Greaoral  Meeting  was  held  on  Wednes- 
day, the  12th  Aprii,  1876,  Mr.  0.  V.  Walkeb,  F.a.S., 
Freeident,  in  tJie  Chair. 


Tlie  preliminai'y  business  of  the  meeting  having  been  transaoted, 

The  President  said :  At  the  last  meeting  M]'.  Langdon  read 
a  paper  on  "  Electric  Repeaters,"  the  diseusion  upon  whicli  was 
commenced.  It  now  devolves  upon  Mr.  Langdon  to  reply,  unless, 
indeed,  other  members  may  desire  to  make  further  remarks  upon 
the  question  or  upon  the  instruments  produced.  In  that  case  we 
shall  be  pleased  to  hear  such  remarks. 

Mr.  F.  RuDALL :  I  believe,  Sir,  visitors  are  allowed  to  take  part 
in  the  diaeussions  ?  If  so  I  would  say,  after  about  ten  yeai's'  ex- 
perience of  electric  distant  signal  indicators  or  repeaters  oa  the 
London  Chatham  and  Dover  Railway,  that  the  conclusion  at 
which  we  have  arrived  is  to  secm*e  three  objects,  viz. : 

Firat,  that  the  source  of  the  electric  current  shall  be  at  the  distant 
signal  itself ;  the  latter  in  fact  may  be  regarded  as  an  automatic 
block  signal  station,  and  it  appears  to  roe  that  no  one  would  think 
of  sending  the  current  from  one  station  for  the  signalman  at  the 
distant  station  to  use  in  replying.  The  som'co  of  the  current  should 
be  at  the  signaUiug  station  itself  Again  you  want  to  retain  a  clear 
space  between  the  distant  signal  and  the  bos,  and  therefore  it  is 
desirable  that  tlie  source  of  power  should  bo  at  the  signal  itself.  I 
may  add  that  we  have  our  batteries  boxed  in  to  protect  them  from 
£-ost. 

The  second  point  is,  that  the  position  of  the  semaphore  arm 
when  at  danger  shall  be  shown  by  a  constant  positive  current, 
which  moves  a  suspended  needJo  to  point  to  the  words  "sigiial 
on,"  and  the  position  of  the  arm  when  at  safety  shall  be  shown  by 
a  constant  negative  current,  which  reverses  the  needle,  so  as  to 
moke  it  point  to  the  words  "  signal  off;"  in  fact,  ours  ia  a  one  wire 
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system,   worked   by   means   of  a  reversed   current,   positive   for 
danger  and  negative  for  safety. 

The  third  point  is,  that  when  the  semaphore  arm  either  fails  to 
reach  absolute  danger,  or  to  be  lowered  to  absolute  safety,  the 
current  is  broken  and  the  needle  assumes  a  perpendicular  position. 

The  ingenious  idea  of  employing  gravity  to  indicate  one  of  the 
positions  was  abandoned,  because  while  the  semaphore  arm  itself 
might  fail  to  act  properly  the  indicator  would  only  show  this  as  to 
one  of  the  two  positions ;  and  although  the  telegraph  wire  might 
be  broken  and  the  electric  circuit  destroyed,  the  indicator  in  the 
signal-box  would  still  give  its  gravity  reading.  The  above  is  a 
summary  of  the  method  we  have  found  it  desirable  to  adopt. 
Our  Engineer  is  most  exacting  in  having  a  constant  current 
always  at  work.  There  is,  of  course,  a  considerable  expenditure 
of  battery-power,  but  then  the  signalman  knows  positively  that 
while  the  current  is  working  the  signal  itself  must  be  pointing 
either  to  ^'danger"  or  to  "safety,"  as  the  case  may  be.  We 
have  had  these  instruments  eight  or  ten  years  in  work,  and 
we  find  they  give  very  good  indications.  The  only  difficulty 
has  been  where  the  rod  has  not  acted  properly,  and  I  quite  think 
the  current  should  be  sent,  as  in  Mr.  Spagnoletti's  model,  by 
means  of  the  arm  itself  instead  of  by  the  signal  rod,  as  is  done  in 
the  case  of  Mr.  Sach's  ingenious  contact  apparatus.  That  is  all 
the  light  I  can  throw  upon  the  matter. 

Mr.  Langdon  :  I  shall  be  glad,  if  not  thought  trespassing,  to 
redeem  my  pledge  with  reference  to  the  exhibition  of  the  instru- 
ments on  the  table.  I  unfortunately  on  the  last  occasion  missed 
obtaining  the  requisite  apparatus  to  illustrate  my  paper.  That 
apparatus  is  now  here.  (Mr.  Langdon  here  described  the  appa- 
ratus which  had  been  placed  on  the  table,  and  which  consisted  of 
model  distant  signals,  repeaters  of.  various  forms,  and  expansion, 
pieces,  the  application  of  which  was  practically  illustrated. ) 

In  addressing  myself  to  this  subject  I  have  endeavoured  to  con- 
fine my  remarks  as  much  as  possible  to  the  points  which  are  most> 
important  to  obtain  an  efficient  repetition  of  distant   and   other' 
signals  wliicli  require  to  be  repeated.     Of  course  there  are  manjr 
modes  of  eitccting  this  ;  but  if  we  introduce  an  erroneous  system^ 
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Iiowever  well  it  may  work  for  a  time  it  is  certain  in  the  end  to 
produce  failure,  attended,  it  may  be,  with  some  disastrous  eflFect. 
It  is  only  a  question  whether  the  failure  of  the  signal  should  be 
attended  by  the  failure  of  other  equally  important  checks.  I  may, 
perhaps,  instance  this  by  some  rough  notes  which  have  been  placed 
in  the  hands  of  the  Secretary  by  Mr.  Graves  of  the  North  Eastern 
Eailway,  in  which  he  states  that  he  employs  his  electric  instruments 
so  arranged  as  to  stand  normally  at  danger — that  is,  the  arm  being 
normally  in  a  horizontal  position ;  and  he  says  if  these  signals  had 
been  at  work  at  Abbots  Eipton  they  would  have  shown  the  signals 
there  were  not  on.  This,  no  doubt,  is  true,  provided  the  contact 
arrangements  and  the  wires  were  all  in  proper  working  order ;  but 
those  are  points  which  we  cannot  always  insure :  a  wire  may  break, 
or  a  battery  may  fail.  In  that  case  I  think  Mr.  Graves  is  some- 
what premature  in  saying  instruments  so  arranged  would  have 
shown  that  the  distant  signals  were  not  ouy  because  the  signal, 
standing  by  gravity  normally  at  danger  would  have  shown  the 
signal  was  on. 

I  have  stated  it  is  desirable  we  should  ascertain  as  far  as  possible 
to  what  signals  electric  repeaters  should  be  applied.     I  am  sorry  to 
find  that  is  a  point  which  has  not  received  the  attention  it  deserves. 
It  is  one  of  the  most  important  points,  and  it  would  have  been  of 
great  advantage  if  we  had  obtained  an  expression  of  opinion  of 
some  railway  men  on  the  subject.     Perhaps,  however,  I  may  be 
allowed  to  oflPer  a  few  suggestions ;  and  I  would  say,  in  the  first 
place,  that  it  is  necessary  that  repeater  signals  should  be  applied  to 
mry  signal  which  is  out  of  the  view  of  the  man  who  works  it,     I  am 
not  now  speaking  of  foggy  weather,  but  of  ordinary  occasions,  when 
a  man  may  be  prevented  from  seeing  a  signal  either  by  its  being 
placed  overhead  or  from  some  obstruction  on  the  line.    An  instance 
occurred  yesterday  at  Clapham  Junction,  where  the  South  Western 
Company  has  erected  a  large  and  handsome  signal  box,  and  where 
some  of  the  signals  are  in  close  proximity  to  the  box.     One  of  the 
signals  became  detached   from   the  rod  which   worked  it,   con- 
sequently the  arm  did  not  work  but  stood  at  *'  clear,"  and  a  train, 
governed  by  it,  was  about  to  leave  the  station  while  shunting  was 
going  on,  but  was  prevented  by  the  foreman  of  the  yard,  who 
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fortunately  noticed  the  state  of  the  signal.  In  this  case  the  signal 
was  within  10  or  12  yards  of  the  man  working  it,  and  yet  he  was 
unable  to  tell  whether  it  was  working  properly  or  not.  I  would 
next  say  that  distant  signals  should  be  repeated  in  all  cases  where 
the  block  is  in  use  or  the  traffic  is  heavy.  Wherever  the  block  is  in 
use  trains  are  run  at  rapid  rates  and  at  short  intervals.  Wherever 
this  is  the  case  there  is  too  little  margin  for  failure ;  the  failure  of 
a  signal  may  lead  to  fatal  consequences.  If  it  is  necessary  to 
divide  lines  of  railway  into  block  sections  to  keep  the  trains  apart, 
it  is  necessary  that  the  signals  should  act  with  perfect  accuracy, 
because  if  they  do  not  the  object  of  the  block  is  entirely  lost :  the 
distant  signal  is  the  key  of  every  section. 

With  regard  to  the  nature  of  the  indication  some  variety  of 
opinion  exists.  Some  require  only  one  indication  and  others 
require  three.  Mr.  Eudall  prefers  to  have  three  signals,  and  Mr. 
Sach  also,  but  in  the  paper  I  have  given  reasons  for  requiring  only 
one  signal.  I  regard  the  question  as  one  which  should  be  discussed, 
more  particularly  by  railway  men,  who  know  their  own  require- 
ments best.  All  I  desire  to  point  out  is,  that  with  the  existing 
systems  of  repeaters,  where  two  or  three  indications  are  required, 
two  wires  must  be  used  or  the  battery  must  be  placed  at  the  signal 
post.  Mr.  Rudall  says  he  places  his  battery  at  the  post.  I  would 
ask  him  whether  he  has  found  any  inconvenience  arising  from  cold 
weather  ?  Mr.  Sach  also  stated  he  places  his  battery  at  the  signal- 
post.  I  have  myself  had  some  experience  in  using  batteries  placed 
out  of  doors.  When — some  years  ago — block  signals  were  being 
put  up  on  the  South  Western  Eailway,  means  were  wanting  for 
placing  the  batteries  in  some  of  the  signal  boxes,  and  they  were 
consequently  enclosed  in  cases  lined  with  straw.  Yet  the  frost 
attacked  the  batteries.  I  feel  satisfied  batteries  placed  in  such 
positions  must,  during  a  severe  winter,  become  congealed  and 
rendered  inoperative.  I  therefore  still  strongly  advocate  placing 
the  batteries  in  the  signal-box  instead  of  at  the  post. 

I  have  in  the  paper  referred  to  a  plan  which  Mr.  Preece  has 
devised  for  working  a  repeater  from  the  distant  signal  by  means  of 
one  wirey  with  one  battery  placed  in  the  signal-box,  and  which  shall 
give  three  or  more  indications y  as  may  be  required.     I  am  sorry 
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Mr.  Preece  is  not  here  or  has  not  commissioned  some  one  to  explain 
to  the  meeting  the  means  by  which  he  proposes  to  effect  this,  but 
it  is  perfectly  practicable,  and  it  is  one  of  the  safest  means  I  know 
of  obtaining  those  indications  at  a  low  cost.  It  is  evident,  if  you 
use  the  battery  at  the  signal-post,  the  battery  must  be  always 
at  work. 

With  regard  to  the  connection  at  the  signal-post,  we  have  had 
no  reference  to  the  suggestion  thrown  out  that  it  should  also  be 
extended  to  the  spectacles  which  form  the  signal  by  night.  It  is  a 
very  important  question,  and  I  think  all  railway  telegraph  engineers 
would  do  well  to  give  it  consideration,  because  there  is  equally  as 
much  danger  attending  the  working  of  the  traffic  at  night  as  in 
the  daytime,  and  therefore  if  it  is  necessary  to  repeat  the  action 
of  the  ^  arm  it  is  equally  necessary  to  repeat  the  action  of  the 
spectacles.  As  to  electrical  construction,  the  general  impression 
seems  to  be  that  the  contact  arrangement  at  the  back  of  the  arm 
is  the  best,  but  that  it  should  be  covered  in  or  protected  from  the 
weather.  Mr.  Goldstone,  of  the  South  Western  Railway,  has  been 
kind  enough  to  send  me  an  arrangement  which  he  has  employed 
for  this  purpose,  and  he  intends  to  alter  all  his  contact  arrange- 
ments to  the  same  plan.  It  is  a  very  neat  contrivance  and  is 
worthy  of  inspection. 

I  feel  that  I  cannot  conclude  without  referring  to  the  remarks 
which  fell  from  the  President  with  respect  to  the  application  of 
electricity  to  railway  working  on  the  occasion  of  the  last  meeting. 
He  then  stated  it  is  usually  only  when  every  other  effort  has  been 
tried  that  the  telegraph  branch  is  had  recourse  to  and  generally 
with  success.  This  I  can  quite  endorse,  and  I  think  any  person 
who  has  a  knowledge  of  railway  working  can  readily  understand 
it.  The  telegraph  branch  of  our  railway  system  has  not  received 
that  confidence  which  it  merits.  This  is  perhaps  due  to  one  or  two 
causes.  In  the  first  place  it  is  probably  owing  to  the  fact  that 
railway  managers  know  but  little  about  electricity,  and  conse- 
quently have  not  so  much  reliance  on  it  as  upon  mechanical 
appliances,  and  which  are  more  evident  to  the  eye. 

The  large  field  open  to  the  economical  and  advantageous  employ- 
ment of  electricity  in  railway  working  must  however  ere  long  be 
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brought  forcibly  before  every  railway  management,  and  there  can  be 
no  doubt  that  the  day  is  fast  approaching  when  the  telegraph 
branch  of  all  our  large  railway  systems  will  hold  a  position  second 
to  none  in  the  service. 

The  President  :  I  think  we  are  much  indebted  to  the  author  of 
this  paper  for  bringing  before  the  Society  a  subject  of  this  very 
interesting  kind ;  and  I  am  sure  that  before  we  pass  on  to  the  next 
paper  you  will  agree  with  me,  and  gladly,  to  give  him  jour  thanks. 
The  subject  which  has  come  before  this  Society  will  go  out  of  this 
room  into  the  railway  world,  and  will  doubtless  attract  the  attention 
of  railway  companies  towards  this  useful  application  of  electricity 
more  forcibly  than  it  has  hitherto  done.  The  telegraph  engineers 
attached  to  the  various  railways  are  quite  able  to  comply  with  all 
reasonable  instructions  that  may  be  given  to  them,  with  the  view 
of  providing  any  electrical  arrangements  that  may  be  required ; 
but  I  do  not  go  quite  so  far  as  Mr.  Langdon  in  thinking  that 
electricity  should  be  made  too  responsible  for  some  things.  There 
are  few  things  in  reason  beyond  our  grasp,  beyond  our  power. 
But  we  must  not  too  readily  transfer  to  ourselves  and  accept  the 
responsibility  of  carelessness  on  the  part  of  other  people.  This 
introduction  of  electric  repeaters  to  the  distant  signals  of  the 
railway,  the  South  Eastern,  to  which  I  am  attached,  is  a  very  old 
question  with  us.  We  had  instructions  some  years  ago  to  apply 
electricity  to  distant  signals.  We  applied  it ;  and  are  continuing 
week  by  w^eek,  and  as  fast  as  we  can,  to  extend  the  application  in 
divers  directions.  Our  impression  is,  that  electric  repeaters  shall 
show  (1)  when  a  signal  is  up  and  (2)  when  it  is  down,  and  also 
(3)  when  the  green  and  red  spectacles  each  in  part  are  visible  ;  the 
signal  being  doubtful,  that  is,  in  a  false  position.  I  believe  that 
was  the .  position  of  the  signals  at  Abbots  Ripton  on  the  night  of 
the  collision.  I  would  say  further,  tliat  the  railway  telegraph 
engineers  are  ready  to  meet  requirements  put  before  them  for  still 
more  complicated  applications  of  electricity.  It  is  only  to  be  hoped 
they  wijl  not  be  asked  to  be  too  much  responsible.  Really  one 
sometimes  thinks  we  are  almost  to  be  responsible  for  everytliing 
else  that  fails,  electricity  on  a  railway  being  in  practice  the  one 
being  assumed  to  be  infallible.     If  Mr.  Langdon  and  the  other 
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railway  telegraph  engineers,  myself  included,  will  so  arrange 
matters  as  to  make  the  failures  very  few  indeed,  which  I  have  no 
doubt  the  majority  of  them  will  do,  we  shall  continue  to  be,  as  we 
have  heretofore  been,  of  very  great  service  to  the  railway  interest 
of  this  country.  I  will  now  ask  you  to  express  your  thanks  to 
Mir.  Langdon  in  the  usual  way. 

The  vote  of  thanks   having  been   unanimously  awarded,   the 
followmg  Paper  was  then  read : — 

THE    WORK-VALUE    OF    ELEGTRO-MAGNETS 

ENCLOSED  IN  IRON. 

By  Charles  V.  Walker,  F.R.S.,  F.R.A.S.,  President. 

At  the  Conversazione  held  in  Willis's  Rooms  by  Mr.  Latimer 
Clarke,  our  past  President,  on  Dec.  21,  1875,  among  the  exhibits 
were  "  No.  76,  AltandaB  Electro-Magnets,"  by  Mr.  John  Faulkner, 
which  were  described  in  tfie  circular  that  he  placed  in  our  hands 
as  "  Faulkner's  Altandi  SystemaB. — The  Altandae  system  depends 
upon  a  peculiar  electric  phenomenon,   whereby  one  coil  of  an 
electro-magnet  and  of  less  size  produces  a  greater  amount  of  mag- 
netism with  less  battery  power  than  two  coils  on  the  old  system." 
The  word  Altandi  or  Altandae,  in  the  absence  of  explanation  of 
its  origin,  was  not  inviting ;  it  conveyed  no  idea  to  one's  mind ;  but 
more  magnetism  with  a  lesser  electro-magnet  and  from  less  elec- 
tricity was  very  attractive ;  it  was  something  that  could  be  dealt 
with.     Attention  was  further  called  to  this  system  by  The  Tele- 
graph   Journal^  of  1876,  Jan.  15,  in  a  report,  taken  from  the 
Manchester   Courier^  of  1875,  Dec.   1,- of  a  lecture  delivered  at 
the    Manchester   Literary   and    Philosophical   Society,    by   Prof. 
Osborne   Reynolds,   M.A.,   in  which   the    lecturer   informed   his 
audience  that   ''  Mr.  Faulkner  has  some  magnets  of  this  kind, 
which  retain  the  keep  with  100  times   more  force  when  the  outer 
tube  is  on  than  when  it  is  removed."     And,  in  further  confirmation 
of  the  value  of  magnets  of  this  form,  a  letter  from  Mr.  Ladd,  the 
well-known  optician,  &c.   of  Beak   Street,  appears  in   The  Tele- 
graph Journal  of  1876,  Feb.   15:  "I  have  constructed  electro- 
magnets on  this  principle  for  the  last  twelve  years.     The  following 
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is  one  way  in  which  I  have  applied  them :  in  the  *  Daboscy  form ' 
of  electric  lamps,  an  electro-magnet  is  employed  in  connection  with 
the  clock-work,  which  regulates  the  carbon  point.  With  a  small 
battery  I  found  the  ordinary  forms  of  electro-magnets  had  not 
sufficient  power  over  the  keeper  to  obtain  the  necessary  increase. 
I  enclosed  the  eUctrO'magnet  in  an  iron  tube^  connecting  it  at  the 
base  with  the  centre  tube  or  bavy  and  surmounted  the  outer  tube 
with  an  iron  flange.  This  enabled  the  poles  to  act  with  considerable 
power  on  the  keeper."  The  words  in  italics  contain  the  fundamental 
principles  on  which  these  magnets  are  constructed.  In  fact,  an 
ordinary  straight  electro-magnet  becomes  a  horse-shoe  or  U-magnet, 
and  with  its  polar  extremities  more  than  twice  as  near  to  each 
other  as  they  can   be   by   any  ordinary  arrangement,   and   the 
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Fig.  1. 


armature  practically  one-half  shorter.  This 
is  seen  at  a  glance  on  fig.  1,  where  a  a'  is 
the  iron  core ;  the  full  line,  b  ft',  a  section  of 
the  iron  cylinder  and  of  the  iron  disc  or  bar 
that  joins  it  to  the  back  end  of  the  core  a  a  ; 
the  dotted  line  c  c'  is  a  similar  section  on 
the  opposite  side  of  the  cylinder,  and  so  on 
all  round ;  so  that,  if  the  front  end  N  of  the 
core  acquires  north  polarity  under  the  action  of  the  current,  the 
back  end  S  of  the  core  would  have  acquired  south  polarity,  but 
which  will  now  be  shown  at  the  front  ends  S'  S'^  of  the  cylinder. 
But  the  current  at  the  same  time  would  be  inducing  south  polarity 
at  the  front  ends  S'  S'^  of  the  cylinder,  which  mutatis  mutandis 
would  make  the  front  end  N  of  the  core  still  more  full  of  north 
polarity.  This  appears  to  be  the  rationale  of  the  action  of  these 
magnets. 

An  electro- magnet  of  this  kind  was  long  since  figured  and  thus 
described  by  Mr.  D.  Davis,  of  Boston,  U.S. : — 

^'In  figs.  2  and  3  are  represented,  at  a  a',  two  double  cylinders 
of  iron,  enclosing  a  coil.  A  sectional  view  of  one  of  them  is  given 
separately  at  A  (fig.  3),  It  contains  a  cavity  in  the  form  of  a 
hollow  cylinder,  adapted  to  receive  one-half  of  the  coil  seen  at  C 
(fig.  4),  the  remaining  half  passing  into  the  other  cylinder  when 
they  are  fitted  together.     A  longitudinal  opening  on  one  side  of 
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the  cylinders  allows  the  wires  of  the  coil  to  pass  out.  In  this 
arrangement  the  cylinders  adhere  with  great  force  when  in  contact; 
bntr  as  soon  as  the  current  ceases  their  magnetism  instantly  dis- 
appears, and  the  adhesion  does  not  continue  as  with  the  semicircles. 


Fig.  3. 


When  one  of  the  cylinders  is  passed  over  tlie  coil,  the  part  exterior 
to  the  coil  exhibits  no  sensible  polarity."  * 

The  arrangement  before  us  differs  from  this  in  that  in  the  one  case, 
seeing  that  no  motion  is  required  from  the  armature,  the  latter  in 
size,  weight,  and  arrangement  is  eqnal  with  and  a  counterpart  of  the 
enclosing  cylinder;  bat  in  the  other,  the  case  before  us,  where 
motion  is  required,  and  not  mere  adhesion  and  lifting  power,  the 
section  between  case  and  armature  is  not  midway,  but  at  one  end, 

*  ifanval  nf  Magttelim,  Second  editbn,  p.  171,  fig.  111.    Btnbxi,  U.S.  1S18. 
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flush  in  fact  with  tlie  acting  pole  of  the  core  of  the  electro-magnet, 
which  in  this  instance  is  exposed,  and  free  to  attract  a  moveable 
armature,  that  is  adjusted,  when  at  rest,  to  be  retained  by  a 
spring  at  a  given  working  distance  from  the  core,  and  protected 
by  banking-pins  from  coming  into  actual  contact  with  the  core, 
when  at  work. 

In  text-books  that  are  accessible  to  me  while  writing,  I  Jiave 
not  found  any  description  nor  any  mention  made  of  electro-mag- 
nets of  this  construction.  On  the  other  hand,  I  find  the  following 
passage  in  Count  de  Moncel's  book : — "  Un  noyau  de  fer  enveloppe 
par  une  h^lice  voltaique  s'aimeute  ^nergiquement ;  alors  qn'un 
cylindre  de  fer  enveloppant  cette  memo  h^lice  ne  s'aimente  pas  de 
tout."* 

In  the  system  with  which  I  am  most  familiar,  for  spacing  trains 
to  avoid  one  overtaking  another,  and  for  other  kindred  purposes 
for  increasing  the  comfort  of,  and  ensuring  safety  to.  Railway 
travellers,  no  less  than  fourteen  hundred  and  odd  electro-magnets 
are  in  use,  and  month  by  month  this  number  increases,  all  being 
of  the  horse-shoe  or  U  form.  A  system  which  promises,  under  like 
conditions,  to  give  more  work  out  of  one-half  of  the  electro-magnet 
in  ordinary  use  than  we  now  obtain  from  the  entire  magnet,  could 
not  fail  to  attract  one's  attention,  and  constrain  one  to  put  it  to 
the  test — cost,  bulk,  weight,  all  promising  to  be  reduced. 

The  aspect  under  which  I  have  attacked  this  question,  as  you 
see,  is  purely  utilitarian.  I  selected  for  the  comparative  trials  one 
of  the  bells  in  ordinary  use  on  the  locomotives  and  in  the  guards' 
vans  on  the  South  Eastern  Railway,  fig.  5.  It  is  on  the  table 
before  you.  The  bobbins  are  each  S^V  ^^'  long  by  3-ji(3  in.  dia- 
meter, and  are  wound  each  with  308  feet  of  No.  18  copper  wire, 
which  weighs  35  oz. — or  in  all,  616  feet,  w^eighing  70  oz.  The  iron 
cores  are  f  in.  in  diameter,  each  weighhig  3^  oz.  connected  at  the 
back  in  the  usual  way  by  an  iron  bar.  The  distance  from  core  to 
core,  a  a%  shown  on  the  front  of  the  magnet,  is  2^  inches.  But  face- 
plates of  iron,  b  V ^  screwed  upon  the  front  of  the  cores,  bring  the 
distance  between  the  poles  down  to  1^  inch.      The    armature 

*   Recherchest  sur  les    meilleures    conditions   de    constrtiction    des  JSleetro- 
Aiments.    Par  Ic  Comte  Du  Moncel,  p.  110.    Paris,  1871. 
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c  c'j  shown  in  dotted  lines,  is  3^  inches  x  i  inch  x  -^  inch.  The 
length  of  the  hammer  stem  d  d!  from  the  line  of  the  centre  of 
motion  g  /  to  the  point  /,  to  which  the  cord,  hereafter  to  be 
mentioned,  is  attached,  is  6^  inches  in  all  the  experiments.  This, 
and  all  the  figures  that  follow,  are  drawn  one-third  of  the  full  size. 


Fig.  6. 

The  practical  result  to  which  we  desired  to  arrive  was  the  im- 
pact of  the  hammer  on  the  bell,  that  is,  the  amount  of  sound  to  be 
had  out  of  a  given  number  of  battery  cells  from  this  or  that  form 
of  electro-magnet.  To  this  end  it  was  enough  for  all  practical 
purposes  to  measure  the  attraction  between  the  armatures  and  the 
magnets.  A  cord  was  attached  to  the  point  /  on  the  hammer 
stem,  which  passed  horizontally  over  a  pulley  on  the  same  level,  and 
descended  vertically  to  a  hook  or  to  a  scale-pan.  The  battery  current 
was  turned  on,  and  weights  were  added  until  the  armature  was 
released.  It  is  hardly  necessary  to  mention  that  the  armature  was 
not  in  any  case  allowed  to  come  into  actual  contact  with  the  iron 
face  of  tlie  magnets,  but  was  kept  back  by  banking-pins,  in  the 
usual  way,  with  working  apparatus. 

We  now  took  one  of  the  coils  from  another  bell,  similar  to  and 
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in  all  respects  identical  with  fig.  5  ;  and  removed  the  face-plat* 
b  V  from  the  front  of  the  core.  An  iron  cheek  was  substituted  f 
the  original  brass  one  at  the  back  of  the  bobbin ;  but  this  seen 
hardly  necessary.  The  iron  tube,  shown  in  section  in  fig.  1 ,  ai 
in  back  view  in  fig.  6,  was  fitted  to  encase  the  coil.  It  w 
attached  to  the  back  of  the  core  by  a  screw  at  a,  and  came  i 
flush  with  the  front.    Its  weight  was  16|  ounces ;  heavier,  possibi 


Fig.  6.  Fig.  7. 

in  proportion  to  the  core  than  was  necessary.     The  front  of  "fc 
coll  thus  prepared  is  sllo^vn  in  fig.  7,  where  a  is  the  core,  i|^  irx 
distant  from  the  tube  h  V, 
Pig.  8  is  the  front  of  the  encased  bell,  where  h  V  is  the  tube ;  a. 


Fig.  8. 
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^/ is  a  brass  flange  on  which  the  fittings  are  mounted;  A  is  a 
disc,  and  i  i'  an  armature,  to  which  reference  will  be  made  hereafijr. 

The  battery  employed  was  platinized  graphite  and  zinc ;  the 
plates  6  inches  x  2  inches ;  the  exciting  liquid,  1  sulph.  ac,  +  8 
water. 

With  three  cells  on  short  circuit,  the  encased  magnet,  fig.  8, 
held  1'91  oz.,  the  magnet  of  the  train  bell  4  oz.,  or  in  the  propor- 
tion of  1  to  209.  An  iron  disc  (A),  IJ  inch  diameter,  was  now 
countersunk  in  the  brass  face  of  the  coil,  figs.  7  and  8,  which 
reduced  the  distance  between  the  two  poles  of  the  magnet  from 
1^  inch  to  I  inch.  The  magnet  now  held  3*39  oz.,  as  against 
4oz.  as  before  of  the  train  bell,  or  in  the  proportion  of  1  to  1*18, 
being  still  not  quite  equal  to  the  magnet  of  the  train  bell. 

Two  armatures  were  now  prepared,  in  the  form  of  open  seg- 
nients  of  a  circle,  of  the  diameter  of  the  iron  cylinder,  or  S^ 
inches.  They  are  shown  in  figs.  9  and  10.  The  upper  segment, 
fig.   9,  is  to  be  carried  by  the  same  cocks  that  carry  the  plain 


Fig  9. 


Fig.  10. 


^naature  kk%  fig.  7,  and  is  of  like  length — 3J  inches;  it  is  |-  inch 
^ide  and  ^  inch  thick,  and  weighs  2  oz.      The  lower    segment, 

fig.  10,  has  its  centre  of  motion  below  at  the  cocks  1 1%  fig.  8 ; 

^^  length,  3-^  inches ;  width,  f  inch;  thickness,  ^  inch ;  weight, 

With  the  same  three  cells  on  short  circuit,  and  the  disc  in  sitHy 
the  lower  segment  held  14*70  oz.,  or  in  the  proportion  of  3*67 
to  1  compared  with  the  train  bell  magnet. 

The  upper   segment  held   17*80  oz.,  or  in  the   proportion  of 
Hb  to  1. 

With  both  segments  on,  only  13*25  oz.  were  held,  or  3'31  to  1.* 


*  The  finger  m  on  fig.  10  touches  the  upper  armature  at  n,  fig.  8>  and  «At&  m>ik  \\,. 
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With  or  without  the  disc  the  comparative  figures  were  : — 

Table  I.      '^ 

Without  disc.    With  disc. 

oz,  oz.  Ratio. 

Plain  annature  -  -  1-91  3-39  1    to    1-77 

Both        „  -  -  1000  13-25  1    „     1*32 

Lower      „  -  -  {l'\b'\  U-70  [1]  „   12-78 

Upper     „  -  -  10-95  17-80  1    „     1*62 

The  apparent  irregularity  of  the  lower  segment  armature,  with- 
out the  disc,  is  explained  by  the  fact  of  its  upper  edge  not  reaching 
so  high  as  the  lower  point  of  the  iron  core.  From  this  it  is 
evident  that  the  maximum  value  is  to  be  had  from  a  coil  cased  in 
iron,  with  the  front  end  of  the  core  expanded,  and  a  segment 
armature  mounted  as  shown  in  fig.  8. 

The  relative  value  of  the  armatures  in  the  above  Table  is  : — 

Table  II. 

With  disc.  Without  disc. 

Plain  armature 100  1-00 

Both        „ 3-84  5-23 

Lower      „ 4-32  [0-60] 

Upper      „           -----        5-25  5-73 

The  relative  efifect  of  outside  resistance  on  the  armatures  re- 
spectively  when  the  disc  is  used,  still  retaining  three  cells,  is  given 
in  the  following  Table  : — 

Table  III. 


Ratios. 

2R 

R 

OR 

2R 

R 

OR 

Plain  armature 

0-93 

1-53 

3-39 

1-63 

3-51 

Both        -        -        -        - 

7-81 

1006 

13-25 

1-28 

1-69 

Lower     -        -        -        - 

703 

8-90 

14-70 

1-26 

2-09 

Upper     -        -        -        - 

9-08 

12-33 

17-80 

1-35 

1-96 

Train-hell 

1-66 

210 

4-00 

1-20 

2-46 

The  resistance  E  in  all  cases  was  a  single  coil  of  No.  18  copper 
wire  308  feet  in  length,  similar  to  the  bell-coils. 
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The  relative  effect  of  outside  resistance  upon  the  armatures,  each 
with  the  other,  is  given  in  the  following  Table : — 

Table  IV. 


Plain  armature 
Both 
Lower 
Upper     - 


2R 


100 
7-55 
8-39 
9-75 


B 


100 
6-81 
6-57 
8-03 


OR 


100 
3-84 
4-32 
5-26 


The  practical  result  of  this  inquiry  is — 

1st.  That  a  single  coil  cased  in  iron,  in  the  manner  described, 
gives  nearly  as  much  work-value  as  a  pair  of  coils,  each  fitted  up 
in  the  more  usual  way. 

2nd.  That  one  encased  coil  with  a  segment-armature,  having  its 
centre  of  motion  at  or  nearly  in  a  line  with  the  diameter  of  the 
coil,  gives  about  four  and  a  half  times  as  much  work- value  as  an 
ordinary  pair  of  coils. 

3rd.  That  the  work-value  of  a  magnet  with  core  and  disc  of  the 
dimensions  given  is  one  and  a  half  times  greater  with  the  disc 
than  without. 

4th.  That  the  plain  armature  in  the  encased  coil  is  less  affected 
thus  far  by  resistance  than  the  upper  or  the  lower  segments  ;  and 
so  in  the  train-bell. 

A  single  uncased  coil  is  of  no  practical  value  side  by  side  with 
a  cased  coil.  It  holds  05  oz.  only.  The  caspd  coil,  according  to 
the  armature  used  and  with  the  disc,  holding  3*39  oz.,  13*25  oz., 
14*70  oz.,  17*80  oz.  So  that  the  best  form  before  us  of  cased  coil 
gives  thirty-five  and  a  half  times  as  much  work-value  as  does  a 
plain  coil. 

I  have  shown  that  with  three  cells  the  cased  coil,  with  upper 
segment  and  in  short  circuit,  held  nearly  three  and  three-quarter 
times  as  much  as  the  train-bell.  With  ten  cells  it  held  nearly  five 
and  a-half  times  as  much,  the  figures  being  4*95  oz.  and  27  oz.  ; 
the  train-bell  rising  from  4  to  4*95  oz.,  or  as  1  to  1*23 ;  the  cased 
bell  fi-om  17-80  oz.  to  27  oz.,  or  as  1  to  1*51. 
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Table  V.  is  a  summary  of  the  weights  held  by  the  armature  in  the 
several  arrangements,  and  of  the  relative  value  of  the  respective 
combinations,  showing  also  the  comparative  value,  a  single  encased 
coil  being  taken  as  the  unit  They  are  arranged  in  groups,  but 
numbered  in  order  of  value. 

TABLE  V. 

WITH  THREE  PLATINIZED  GRAPHITE  CELLS. 


In  ^hobt  Cibouit. 
One  train-bell  coil        - 

Ounces. 

Belatire 

Values. 

1 

0-5 

1-00 

6 

Cased  coil.    Plain  armatore 

No  disc 

1-91 

3-82 

15 

„            Both         „ 

"        "           » 

1000 

2000 

3 

„           Lower       „ 

"        "           » 

115 

2-30 

17 

„           Upper      „ 

"        "           » 

10-95 

21-90 

8 

Cased  coil.    Plain  armature 

-  With  disc 

3-39 

6-78 

19 

„            Both         „ 

"        "         » 

13-26 

26-60 

20 

),           Lower      „ 

"        "         » 

14-70 

29-40 

21 

„            Upper      „ 

"        "         » 

17-80 

35-60 

9 

Train-bell  complete 

- 

400 

8-00 

4 

Cased  coil.    Plain  armature 

1  coil  R,  with  disc 

1-53 

306 

16 

„            Both         „ 

1        »            >* 

10-06 

20-12 

13 

))           Lower       „ 

1        »            »> 

8-90 

17-80 

18 

„           Upper       „ 

1        »            » 

12-33 

24-66 

7 

Train-bell  complete 

1        » 

210 

4-20 

2 

Cased  coil.    Plain  armature 

2  coils  R,  with  disc 

0-93 

1-86 

12 

„           Both         „ 

2       »            » 

7-81 

15-62 

11 

it          Lower      „ 

2       >}             i, 

7-03 

14-06 

14 

„           Upper      „ 

2       »             }} 

9-08 

18-16 

5 

Train-bell  complete 

2        „ 

1-66 

3-32 

WrrH  10  Cells.    No  Resistance. 

22 

Cased  coil.    Upper  armature 

-  With  disc 

27-00 

6400 

10 

Train-bell  complete 

-       -       -       - 

4-95 

9-90 
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Among  the  experiments  made  were  the  comparative  value  of  an 
ordinary  train-bell,  with  or  without  cased  coils.  The  proportion 
was  as  1  to  1*6  in  favour  of  the  cases,  which  is  not  much, 

A  single  cased  coil,  compared  with  a  pair  of  coils  cased,  and 
arranged  as  a  train-bell,  was  as  1  to  1*22.  So  that  a  single  coil 
gives  nearly  the  same  work  as  does  a  pair.  In  these  cases  the 
armature  was  in  one  piece  of  the  proper  length. 

When  the  armature  was  in  two  pieces,  that  is,  when  a  single 
armature  was  given  for  each  coil  and  coupled  into  one  by  a  brass 
strap,  the  value  fell  considerably.  Compared  with  the  whole 
armature  it  was  as  1  to  1*91. 

I  made  but  one  trial  of  a  cased  coil,  with  a  second  coil  of  equal 
length  outside  the  case.  The  result  was  of  a  negative  character. 
I^ie  ratio  between  the  value  of  the  magnet,  with  and  without  the 
second  coil,  was  as  1  to  2*28. .  But  Mr.  Faulkner,  I  believe,  has 
carried  this  question  more  fdUy  out,  and  had  the  proportion  of 
^on  and  wire  so  adjusted  as  to  obtain  a  larger  increase  of  power 
from  given  materials  than  one  could  hope  for  from  a  solitary  ex- 
periment. This  question  is  worth  pursuing  by  any  one  who  has 
^ore  leisure  at  his  command  than  I  can  pretend  to  claim. 

March  29, 1876. 

The  Pbesident  :  You  have  heard  this  short  communication  of 
^ine  read,  and  you  can  see  at  a  glance  that  it  is  the  production  of 
^  very  busy  man,  who  has  had  time  only  just  to  touch  upon  the 
threshhold  of  a  subject,  which  must  be  interesting  to  telegraph 
engineers,  inasmuch  as  it  is  a  means  of  getting  much  more  than 
the  ordinary  amount  of  work  out  of  the  same  materials.  This,  so 
far  as  I  am  aware,  is  the  first  record  of  experiments  made  upon 
magnets  of  this  kind.  The  principle,  it  occurs  to  me,  is  very  old. 
During  the  short  interval  since  it  first  attracted  my  attention  I 
have  referred  to  the  various  text-books  I  have  in  my  library^  awd 
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have  searched  among  communications  made  to  societies — not 
exhaustively.  Records  may  be  in  existence,  and  some  of  our 
members  may  be  able  to  give  still  more  of  the  history  of  this 
curious  magnet  Personally  I  have  not  yet  met  with  much  in- 
formation. Mr.  Ladd  is  present,  to  whom  I  refer  as  having  used 
the  form  of  magnet  to  which  I  have  alluded.  His  magnet  is  lying 
upon  the  table,  and  he  will  no  doubt  give  us  all  the  information 
he  possesses  upon  the  value  of  this  class  of  magnets  and  the  use 
he  has  made  of  them. 

Mr.  Ladd  :  I  have  but  little  to  say  in  addition  to  the  President's 
elaborate  paper.  I  apprehend  that,  although  a  busy  man,  he  has 
more  time  for  experimenting  than  I,  who  make  instruments,  have 
at  my  disposal.  I  have  been  very  much  interested  in  the  results 
of  his  experiments  with  the  particular  form  of  magnet  under  dis- 
cussion. When  I  saw  the  title  of  the  paper  read  this  evening,  it 
occurred  to  me  that  an  opportunity  might  offer  for  repeating  what 
I  had  reason  to  write  in  the  Telegraph  Journal  a  short  time  since, 
concerning  the  use  I  have  made  of  the  iron-cased  electro-magnet 
for  the  last  twelve  years.  From  what  I  have  since  learned,  I 
believe  this  description  of  electro-magnet  had  been  made  before  it 
occurred  to  me  to  adopt  the  principle ;  but  although  new  to  me 
then,  I  did  not  set  forth  a  claim  of  anything  new.  I  was,  and 
am  now,  satisfied  with  the  result  obtained. 

The  magnet  I  have  brought  for  your  inspection  is  one  I  took 
this  morning  from  an  old  electric  lamp,  and  it  is  the  form  I  have 
generally  used ;  the  centre  is  cylindrical,  and  is  made  so  for  the 
free  passage  of  another  part  of  the  instrument  to  which  it  belongs ; 
this  cylinder  or  core  is  joined  to  the  outer  cylindrical  case  by  a  flat 
iron  ring,  firmly  uniting  the  outer  and  inner  cylinders  and  forming 
the  bottom  of  the  magnet ;  on  the  upper  edge  of  the  outer  cylinder 
I  fix  another  flat  ring  or  flange,  the  inner  diameter  of  which  is 
made  to  come  within  a  quarter  of  an  inch  of  the  central  cylinder ; 
thus  the  poles  of  the  magnet  are  brought  very  near  together. 
This  condition  is  necessary  for  the  particular  work  required  of  the 
magnet ;  also  that  the  wire  used  should  be  stout,  say  No.  9,  and 
consequently  of  short  length.  I  tried  a  few  rough  experiments  this 
morning   with  the   encased  magnet,    of  a  nature   calculated  to 
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^K  dotermiue  its  practical  value,  and  found  it  able  to  support  a  weight 
^H  of  8  or  9  Iba.,  the  weight  being  held  by  a  disc  not  more  than  tbree- 
^K  quarters  of  an  inch  in  diameter,  wherefls  tbe  same  magnet  nncased 
^Biarely  supported  its  own  weight  (about  2  lbs.)  A  battery  of  2 
^■Groves'  cells  was  used  in  these  experiments. 

^P     The   President  :    Mr.   Faidkner   is   present  who   esbibited   a 
KpoIIeetion  of  magnets  ma^le  In  this  manner  at  Mr.  Latimer  Clark's 
W Conversazione,  and  I  am  sure  we  shall  all  bo  glad  to  hear  anything 
wluch  lie  is  disposed  to  communicate. 

Mr.  John  Faulkner  said :  I  am  not  accustomed  to  lecturing, 
but  I  may  say  I  have  been  accustomed  to  showing  esperiments,  and 
I  hope  any  want  of  words  will  be  made  up  by  the  experiments  wliich 
I  will  perform  before  you. 
_         The  paper  before  us  is  as  the  title  states,  "  The  Work- Value  of 
wSlectro-Magnets  enclosed  in  Iron."     I  exhibited,  as  many  of  you 
B  are  aware,  at  the  last  Conversazione,  a  number  of  inatniments  illus- 
trating what  I  bavo  chosen  to  call  the  Altandse  system,   and  at  that 
time   I   distributed    a   very   modest    circular  stating  that    "  the 
AltandfE   system   depends   on  a  peculiar  electric   phenomenon, 
whereby  one  coil  of  an  electro -magnet  and  of  less  size  produces 
ft  greater  amount  of  magnetism  with  less  battery  power  than  two 
coils  in  the  old  system."     If  we  can  by  any  means  make  two  blades 
of  grass  grow  where  only  one  grew  before,  we  do  good.     The 
Altandffi  magnet  means  literally  "a  raised  or  exalted  magnet," 
Mid  in  that  sense  it  is  so  applied  in  tbo  illustrations  which  I  shall 
give. 

I  have  here  a  bar  of  iron  possessing  no  magnetism.  I  place  upon 
it  a  bobbin  containing  wire,  through  which  I  send  an  electric  cur- 
rent, and  the  consequence  is  magnetism  is  set  up,  and  to  distinguish 
timt  from  the  ordinary  magnet  we  call  it  the  eleefcro-magnct.  I  will 
now  send  an  electric  current  through  the  coil,  which  I  have  here 
prepared.  The  core  is  of  iron,  one  inch  thick,  and  it  is  surrounded. 
with  wire  in  the  ordinary  manner.  I  will  send  a  current  through  the 
wire  and  electro-magnetism  is  produced.  I  uow  put  on  a  thin 
sheeting  of  iron  {about  No.  16),  and  you  see  that  a  remarkable 
change  comes  over  this  electro-magnet.  It  would  not  lift  its  own 
weight  before ;  now  it  lifts  its  own  weight  and  adhetes  -witVi  coti.- 
-uderablo  force. 
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I  now  put  over  the  magnet  a  thicker  iron  cylinder,  and  the 
weight  now  is  held  with  a  force  that  no  man  in  the  room  can 
overcome.  This  is  the  AltandsB  electro-magnet,  and  I  am  sure  it 
is  deserving  of  the  name. 

Here  I  have  a  magnet  of  another  kind — it  is  larger  and  I 
have  greater  effects  from  it.  I  have  another  here  still  heavier 
and  with  a  thicker  cover,  and  this  brings  us  to  what  we  may  call 
the  maximum  amount  of  magnetism  that  can  possibly  be  ob- 
tained from  the  quantity  of  electriciiy  employed,  and  that  is  a 
point  of  great  importance,  as  we  utilize  that  which  has  hitherto 
been  wasted. 

Up  to  the  present  time  we  have  only,  under  ordinary  circum- 
stances, used  one  per  cent,  of  the  available  power  of  electro- 
magnetism.  You  see  on  the  wall  a  number  of  diagrams.  These 
are  produced  by  scattering  iron  filings  over  the  poles  either  of  an 
electro-magnet  or  Altandae  electro-magnet,  and  this  (exhibiting)  is 
the  diagram  so  obtained.  The  scattered  rays  represent  2*97  lbs. 
waste  out  of  a  total  of  3  lbs.  Hero  we  have  a  diagram  from  an 
Altandae  electro-magnet.  You  perceive  there  are  no  scattered  rays 
at  all ;  within  the  cover  the  force  lies,  and  what  would  otherwise 
be  waste  rays  are  all  gathered  up,  and,  as  you  see,  into  a  small 
focus.  I  have  another  diagram  takeu  from  the  outside  of  the 
Altandae  electro-magnet,  and  in  that  we  have  no  rays  of  force  out- 
side.    The  only  rays  of  force  we  find  are  at  the  two  extremities. 

Having  illustrated  the  action  of  iron  filings  under  various  con- 
ditions of  the  Altandae  electro-magnet,  Mr.  Faulkner  went  on  to 
say:  I  would  suggest  to  students  of  magnetism,  that  if  they 
would  only  follow  out  the  course  I  have  taken  with  regard  to  these 
diagrams,  showing  the  lines  of  force,  they  will  find  very  great 
assistance  from  employing  them.  When  I  have  been  in  the 
greatest  despair,  I  have  referred  to  diagrams  and  they  have 
relieved  me  from  the  difficulty. 

With  regard  to  the  covers  made  use  of  by  our  President,  he  has 
produced  35^  times  more  power  by  using  this  thin  covering ;  had  he 
used  a  thicker  he  would  have  succeeded  in  obtaining  still  greater 
power.  (Mr.  Faulkner  further  illustrated  the  effects  of  the  Altandae 
magnet  by  means  of  iron  filings  sprinkled  on  paper  placed  over  the 
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magnet,  showing  the  effectB  of  the  addition  of  the  iron  covering  in 
concentrating  the  raya  of  force  witli  apparently  scarcely  any 
appreciable  waste  of  power). 

There  is  another  quality  which  comes  into  force.  You  take  an 
eleetro-magnet  formed  of  wire  only.  Ton  know  a  coil  of  wiro  with 
an  electric  corrent  passing  througli  it  has  magnetism  on  one  side  of 
a  different  character  to  what  it  Iiaa  on  tlio  other.  The  rays 
that  are  on  the  right  side  may  be  called  north  and  those  on  the  left 
south.  What  is  done  by  tlie  covers  Is,  they  lead  all  those  rays 
wHoh  go  forth  into  spacj3  on  the  riglit  to  the  right,  and  those  on  the 
left  to  the  left  and  so  intensify  the  action.  If  I  now  send  an  electric 
current  through  the  coil  (one  end  is  a  north  pole  and  the  other  a  south 
pole,  whether  the  covers  are  on  or  not)  that  shows  that  the  electrical 
raya  are  really  what  we  call  magnetism.  Those  which  go  to  the 
riglit  we  may  call  the  north  and  those  which  go  to  the  left  we  may 
call  the  south.  These  terms  will  probably  have  to  be  modified  in 
future  mention  of  the  working  in  connection  with  this  subject. 

Having  shown  yon  how  this  comes  about,  the  nest  thing  is  to 
show  jon  what  I  have  done  in  prttetice.  The  first  thing  I  did  was, 
to  take  an  uncased  magnet  from  one  of  the  best  descriptions  of 
bell-magnets,  to  strip  off  half  the  wire  from  one  coil,  put  it  into 
this  AltandiB  bo.x,  and  I  got  a  better  bell-magnet  with  a  quai-ter  of 
the  coil  I  had  before.  I  have  another  variety  from  which  I  have 
got  very  excellent  results,  and  which  has  a  nicety  of  finish  about 
it  which  is  not  to  be  found  in  the  ordinary  electro-magnet,  by 
means  of  which  yon  are  able  to  apply  the  Altandte  magnet  in  a 
flpaoe  in  which  you  cannot  apply  the  ordinary  electro-magnet 
Moreover  we  can  place  them  on  a  plane;  one  plane  of  22^  inches 
square  will  give  81,000  lbs,  of  force.  Here  I  have  an  Altandee 
magnet  vnth  an  armature  on  the  top  of  it ;  I  make  out  of  it 
a  telegraph  sounder — as  also  an  Altandte  indicator  and  Altandte 
semaphore  indicator,  each  actuated  in  the  ordinftiy  way,  witi 
which  yon  are  all  acquainted. 

The  next  and  one  of  the  moat  important  points  is  the  regulating 

of  the  power  we  have.     I  have  here  an  Altandse  telegraph  sounder. 

vThe  beauty  of  this  instrument  is  that  we  can  regulate  the  power  of 

Hie  Altand^  magnet.     You  saw  whon  I  put  on  a  cover  I  increased 
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tlio  power,  and  so  when  I  want  to  regulate  a  given  amount  of 
power,  I  have  not  to  consult  the  battery  but  the  arrangements  I 
have  in  the  receiving  instrument.  We  have  here  an  ordinary, 
electro-magnet  in  a  brass  case  and  over  that  a  surrounding  cylinder 
of  iron.  Suppose  your  battery  weakens,  or  you  are  sending  a 
long  distance  and  your  battery  power  is  not  equal  to  the  work, 
all  you  have  to  do  is  to  introduce  more  of  the  cylinder.  You  have 
here  the  means  of  regulating  to  a  considerable  extent  without 
additional  battery  power.  Again,  suppose  after  fine  weather  a 
heavy  shower  comes,  and  everything  gets  wet  and  the  instrument 
works  sluggishly,  screw  the  cylinder  furtlier  in. 

I  have  great  hopes  of  this  little  instrument,  one  of  the  latest 
productions,  and  it  is  the  best  of  them  all.  I  have  a  moving 
bobbin  working  on  an  iron  core,  and  I  can  assure  you  this  is  one  of 
the  most  honest  electrical  instruments  in  existence.  Here  I  have 
only  one  iron  cylinder  and  an  electro-magnet  inside.  I  have 
already  shown  you  that  the  iron  covering  concentrates  the  power, 
and  the  closer  the  cylinders  are  to  the  coil  the  stronger  is  the 
power;  therefore  by  moving  the  inner  cylinder  out  we  can  open 
the  field  and  thus  regulate  the  power  to  the  required  strength. 

These  Altandae  electro-magnets  can  be  applied,  as  you  see,  to 
various  purposes,  and  the  great  number  of  purposes  to  which  they 
can  be  applied  is  my  excuse  for  obtruding  a  new  name  into  the 
business  of  the  manufacturing  electrician  and  into  science. 

I  found  that,  not  only  may  we  use  round  covers,  but  square  ones. 
In  an  instrument  I  made  I  had  occasion,  for  the  purpose  of  sepa- 
rating iron  from  brass  filings,  to  place  my  magnet  against  a  square- 
opening.  I  found  I  had  a  round  force  to  work  in  a  square.  Of  course 
that  would  not  fit,  so  I  constructed  a  square  one.  I  w^ill  show  you  the 
diagram  (here  a  three-eight  iron  plate  was  placed  on  each  side  of 
the  electro-magnet).  This  shows  you  the  way  in  which  the  square 
plate  operates.  *  You  perceive  where  there  is  iron  all  the  rays  are 
harnessed,  so  to  speak,  and  brought  into  the  space  between  the  plates 
and  the  core ;  at  each  open  side  they  are  bursting  out  and  wasting 
themselves  in  space.  You  thus  see,  by  using  these  covers  we  not  only 
get  out  of  an  electro-magnet  more  power  than  has  before  been  ob- 
tained, but  we  can  also  put  the  force  where  we  require  it,  and  can 
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apply  it  to   any   description   of   instrument  whether    round    or 
square. 

I  have  one  other  little  experiment  which  is  very  interesting. 
(Mr.  Faulkner  then  exhibited  the  tracing  of  the  word  "  Man- 
chester "  on  a  sheet  of  paper  placed  over  the  magnet,  formed  by 
scattering  iron  filings  over  the  sheet.) 

In  conclusion,  I  will  only  say  I  have  done  my  best  to  make 
myself  understood,  and  if  I  have  not  been  quite  clear  on  some 
points,  I  shall  be  happy  to  give  any  further  explanations  at  the 
dose  of  the  meeting. 

The  President  :  I  am  sure  we  are  much  indebted  to  Mr. 
Faulkner  for  the  interesting  instruments  he  has  brought  and  the 
description  he  has  given  of  them.  No  doubt  other  gentlemen  in 
the  room  would  like  to  make  some  remarks  upon  this  form  of 
magnet,  but,  as  we  have  passed  the  time  at  which  we  usually  close 
our  meetings,  we  will  postpone  the  further  discussion  till  our  next 
meeting  on  the  26th  instant. 

Adjourned  accordingly. 
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The  Forty-eighth  Ordinary  General  Meeting  was  held  on 
Wednesday,  the  26th  April,  1876^  Mr.  0.  V.  Walker,  F.R.S., 
President,  in  the  Chair. 


The  President  having  called  upon  any  gentleman  who  had 
further  remarks  to  make  upon  the  paper  read  at  the  previous 
meeting,  on  "  The  Work- Value  of  Electro-Magnets  Enclosed  in 
Iron,"  to  do  so, 

Mr.  C.  F.  Varley  said : — I  have  a  few  remarks  to  offer,  and  but 
very  few.  In  1855  I  made  a  magnet  of  this  description  for 
apparatus  placed  at  Amsterdam,  but  I  foimd  that  although  when 
the  armature  was  attached  to  the  mugnet  I  got  greater  lifting- 
power,  yet  at  a  distance  from  the  magnet  the  power  was  less  than 
that  of  the  ordinary  horse-shoe  magnet.  I  also  experimented 
with  what  are  called  in  France  aimants  boiteiujs :  that  is  to  say,  an 
electro-magnet  with  one  arm  covered  with  wire  and  the  other  one 
free.  It  is  quite  true  that  with  such  a  magnet  you  get  greater 
lifting-power  fi*om  a  given  current  than  might  be  expected,  but  for 
telegraph  work  you  want  more  than  lifting-power;  you  want 
rapidity  of  action  above  all  things,  and  I  found  this  form  to  be 
slower  in  magnetising  and  demagnetising  than  the  ordinary  electro- 
magnet. For  telegraph  purposes  I  gave  it  up ;  and.  you  will  see 
by  reference  to  a  patent  of  mine  in  1856  mention  made  of  electro- 
magnets covered  witli  iron,  but  they  did  not  answer  as  well  as  the 
forms  subsequently  adopted  and  now  in  general  use. 

Mr.  HiGGiNS :  I  have  tried  a  number  of  experiments  with  electro- 
magnets, and  shall  be  happy  to  give  the  results.  They  led  me  to 
make  a  form  of  magnet  which  differs  totally  from  that  which  Mr. 
Faulkner  has  brought  before  us.  The  electro-magnet  covered  with 
iron  I  saw  in  use  about  fourteen  years  ago  in  a  relay  constructed 
by  Mr.  Varley.  That  worked  strongly  but  was  extremely  slow 
from  the  magnetism  having  to  impregnate  the  outer  casing  and 
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pass  through  a  long  distaneo  from  the  bottom  ai-matm-e  of  the 
magnet.  These  magnets  have  been  uaod  in  France  for  separating 
iron  and  brass  filings.  The  electro-magnets  used  in  the  Exchange 
Telegraph  Company's  instruments  are  tubes  bored  out  of  solid  iron 
a  little  more  than  one-third  of  their  diameter,  and  tlien  split  through 
to  the  centre  to  prevent  circulation  of  induced  currents.  In  the 
magnet  of  Mr.  Faulkner  the  outer  casing  favours  ibe  circulation  of 
induced  currents.  It  may  be  split  to  prevent  that ;  but  in  its 
present  form  it  must  retard  the  magnetisation  of  the  core.  Even 
supposing  the  tube  to  be  split  there  would  still  be  charges  induced 
on  the  outer  coating  by  the  high  tension  of  the  innei'  and  outer 
spirals  of  wire  of  the  magnet,  which,  at  the  moment  of  breaking 
battery-contact,  would  have  some  effect  in  retarding  the  magnetisa- 
tion and  demagnetisation  of  the  magnet  The  diminution  of  the 
field  of  the  magnet  would  no  doubt  reduce  ita  effective  force  to 
some  extfiut.  The  armatures  of  the  magnets  used  in  our  instru- 
ments will  respond  to  3,000  currents  per  minute,  and  will  do  a 
considerable  amount  of  work.  I  am  quite  sure  a  magnet  encased 
ill  iron  eould  not  possibly  do  that. 
Mr,  Sacnders  :  I  might  just  mention  that  a  magnet  (of  the  shape 


idingly  smatl  in  form,  was 


(bovi-n  in  the  accompanying  figure),  exce 
made  by  Mr.  Whitohome,  in  1857,  at 
Hie  workshops  of  the  old  Atlantic  Tele- 
graph Company.     It  is  of  exactly  the 
same  form  as  that  of  Mr,  Faulkner's, 

The  object,  however,  was  not  to  get 
Ml  increase  of  power,  but  to  arrange 
tifl  poles  of  a  magnet  so"  that  as  many 
armatures  as  possible  could  he  acted 
M ;  this  was  done  by  arranging  them 
Wahown  in  the  sketch. 

In  the  instrument  designed  by  me 
for  Mr  Whitehouse  the  armatures  were   , 
as  close  together  as  possible,  and  about   ' 
(iouble  the  uimiber  shown  in  the  sketch.  ' 

The  bobbin  was  wound  with  No.  36 
wire;  and  the  object  of  the  instrument  was  to  show  the  curve  of  an 
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electzo-magnetio  eurreut  on  chemical  paper  by  the  decomposition 
of  Bteel  needles. 

Each  armatm-e  was  insulated  and  moved  on  two  pins  resting  on 
the  outside  iron  cylmder  The  force  with  which  they  wore  kept 
from  the  inside  bar  of  iron  was  regulated  by  adjustable  spiral 
springs  And  this  force  was  gradually  increased  from  a  minimum 
applied  to  one  armature  to  a  maximum  applied  to  the  east  of  the 
circle,  so  that  the  armatures  were  attracted  in  rotation  as  the 
current  gradually  increased  in  force 

Each  armature  was  connected  with  a  steel  needle,  and  on  being 
attracted  made  contact,  so  that  the  needle  left  a  mai-k  on  the 
chemical  paper  which  nas  rotating  on  a  drum. 

Mr  Tbecenfeld  1  agree  with  the  experience  of  Mr.  Varley 
that  though  an  encased  electro-magnet  shows  considerably  greater 
power  for  keeping  the  armature,  yet  that  power  is  much  dimi- 
nished when  the  armature  is  at  a  distance  irom  the  electro- 
magnet I  think  for  telegraph  purposes  it  bears  out  the  sug- 
gestion that  tlie  work-value  cannot  be  taken  when  the  armature 
IS  close  to  the  electro-magnet,  but  only  when  it  is  at  a  certain 
distance,  and  I  venture  to  say  that  when  the  armature  is  at  a 
distance  from  the  electro-magnet  the  working  value  of  the  encased 
magnet  is  not  larger,  but  smaller  This  can  easily  be  tried  by 
hanging  one  side  of  a  balanced  scale  over  the  electro-magnet,  and 
when  using  a  non-encased  electro-magnet  it  will  raise  a  greater 
weight  than  if  the  electro-magnet  were  enclosed.  This  may  be 
explained  theoretically  by  considering  that  the  lines  of  magnetic 
force  from  the  pole  of  a  magnet  go  in  radial  directions  to  all  sides. 
J  Now  supposing  an  encased  electro-mag- 

^  ,       (  net,  with  the  armature  at  a  certain  dis- 

5  h  -i    N     *      tance,  wo  then  have  the  south  pole  in 

,  N  "the  centre,  and  a  circular- shaped  north 

pole  formed  round  it.  Both  poles  have 
radial  lines  of  force,  and  at  a  distance 
theie  lines  cross  and  destroy  each  other, 
which  IS  not  the  case  in  a  non-encasetV 
magnet  If  the  armature  is  a  certain 
distance  from  the  encased  magnet,  the 
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force  gets  cliniiiiislied  by  tlie  lines  crossting  and  destroying  one 
auotlier,  therefbro  a  non-encased  magnet  Ima  greater  attractive 
power  than  an  encased  one.  A  reference  to  the  accompanying 
diggram  will  show  the  action  which  takes  place  very  clearly. 

Mr.  Adams  :  lu  the  year  1862,  being  in  Turin,  I  saw  this  kind 
of  magnet  used  for  relays,  and,  being  curious  about  it,  I  made  some 
Bsperiments  with  the  idea  of  finding  a  very  rapid  magnet.  I  found 
theso  magnets,  though  they  had  very  great  holding  power,  were 
not  80  rapid  as  the  ordinary  magnet,  and  the  results  with  regard  to 
correct  time-rate  were  exceedingly  bad.  The  Government  carried 
out  some  experiments  for  long  lines  and  weak  currents.  When 
He  current  was  limited  they  had  to  diminish  the  iron,  consequently 
tbre  was  no  great  force.  I  can  only  agree  with  Mr.  Varley  that 
for  rapid  currents  this  form  of  magnet  is  not  equal  to  the  ordinary 
magnets. 

Professor  Foster  :  I  came  across  a  littlo  while  ago  a  description 
of  a  magnet  of  precisely  the  construction  which  has  been  referred 
to— a  tubular  magnet;  an  iron  core  witli  the  usual  coil  sur- 
ronnding  it,  and  a  plate  of  soft  iron  at  one  end  with  a  WTQUglit- 
iron  tube  incasing  the  coil  and  fitting  close  to  the  plate.  Such 
magnets  aeera  to  have  been  made  by  a  good  many  different  in- 
vestigators ;  but  the  first  reference  to  them  that  I  came  across  is 
in  a  paper  by  Eomershauson,  who  gave  a  description  of  them  in 
1850.  He  found  that  in  a  small  magnet,  the  size  of  which  I 
forget,  the  lifting  power  was  increased  sixty-four- fold  by  putting 
a  wroughtriron  tube  round  it. 

It  is  quite  obvious,  as  has  been  pointed  out  by  more  than  one 
speaker,  that  at  a  distance  from  the  poles  the  attracting  forco 
would  be  diminished  by  this  arrangement ;  hut  while  it  is  so  we 
liave  increased  lifting  power,  when  the  keeper  is  in  contact  witii 
the  magnet.  Previous  to  this  magnet  by  Komershausen,  about 
1840,  a  magnet  of  another  kind  was  introduced  by  Mr.  Kichard 
Roberts,  of  Manchester,  which  may  be  seen  in  the  exhibition  of 
Bcientific  apparatus  now  open.  This  was  made  by  cutting  out  a 
circular  groove,  or  rather  two  or  three  concenti'ic  grooves,  out  of  a 
flattish  piece  of  iron  about  three  inches  in  diameter,  and  it  is  stated 
that  it  will  lift  a  weight  of  1,400  or  1,500  lbs.  which  I  think  is  a 
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great  performance  for  so  small  a  magnet..  Roberts  also  con- 
structed magnets  in  which  the  grooves,  instead  of  being  circular 
were  rectangular,  crossing  the  face  from  one  side  to  the  other. 

Mr.  HiGGiNS :  In  the  magnet  to  which  I  have  already  referred 
the  performance  did  not  differ  from  others,  except  that  the  speed  of 
the  armature  was  very  great.  The  armature  was  made  of  a  number 
of  rays  from  an  iron  axis.  There  were  two  sets  of  rays  from  this 
iron  axis  which  revolved  in  front  of  the  poles  of  a  series  of  electro- 
magnets placed  parallel  with  the  axis  carrying  the  armatures. 
These  were  magnetised  in  succession.  Three  at  a  time  were  always 
magnetised.  With  a  thermo-pile  burning  ten  feet  of  gas  an  hour, 
this  motor  would  lift  40  lbs.  weight  one  foot  high  per  minute. 

Mr.  Darkin:  I  represent  Mr.  Comacho,  the  inventor  of  the 
tubular  magnet,  and  with  reference  to  that  magnet  I  beg  to 
say  that  I  have  found  the  very  reverse  of  the  action  referred  to  by 
Mr.  Varley  and  others,  that  is  to  say,  at  a  distance  the  magnet 
gives  a  considerably  greater  result  than  one  of  the  ordinary  con- 
struction, while  its  power  at  contact  is  not  so  remarkable.  I  have 
a  large  specimen  of  this  magnet  at  our  office,  and  shall  be  happy 
to  let  any  gentleman  see  it  It  will  lift  600  lbs,  a  distance  of  a 
quarter  of  an  inch  and  drop  it  again  forty  times  a  minute  with  a 
battery  of  six  Bunsen  cells.     It  consists  of  concentric  tubes. 

Mr.  Varley  :  If  I  understand,  this  magnet  contains  two  or 
three  concentric  iron  rings  [Mr.  Darkin  :  Four]  and  the  power  is 
applied  in  one  direction.  It  is  not  a  magnet  of  the  description 
under  discussion. 

Mr.  Darkin  :  No.  I  gather  it  is  something  similar  to  the  one 
you  constructed. 

Mr.  Varley  :  The  magnet  which  Mr.  Darkin  speaks  of  is  of  a 
different  character.  It  consists  first  of  a  hollow  iron  core ;  then 
round  it  there  is  a  certain  amount  of  wire.  Outside  of  that  is  an 
iron  tube  with  a  further  quantity  of  wire,  and  outside  that  another 
tube  with  a  further  amount  of  wire  and  yet  another  iron  tube, 
making  the  fourth,  with  a  much  larger  quantity  of  iron  wire.  I 
have  not  experimented  with  that  magnet;  but,  forming  an  opinion 
without  experiment,  I  should  say  if  all  the  iron  was  put  into  one 
solid  core  you  would  get  a  better  result  than  you  get  now. 
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Ml'.  Darkin  :  Would  you  got  the  same  result  at  a  dlstauce  ? 
Mr.  Varley  :  I  believe  so. 
Mr.  F.  0.  Webb  mentioncdj  that  in  experimeuts  made  by 
M.  Dn  Moncel  with  the  Comacbo  magnet,  referred  to  by  Mr. 
Darkin,  the  results  of  each  succeasive  coil  were  tried  by  itself  and 
afterwards  added  together,  and  tlien  the  whole  series  was  tried 
together,  and  it  was  fouiid  that  the  four  cylinders  together  pro- 
duced a  lifting  power  of  twice  as  much  as  the  sura  of  the  four 
taken  separately.  The  experiments  were  carefully  made,  and  in 
'Mch  case  the  resistance  of  the  cii'cuit  waa  the  same,  and  the  same 
■Oorreut  passed  in  each  case.  That  was  to  his  mind  conclusive  as 
io  the  value  of  these  compound  magnets. 

Major  Malcolm  :  I  fear  this  Society  has  no  power  to  regulate 
aes  which  the  inventora  of  new  inatrumenta  give  to  them, 
id  I  sympathiae  with  the  remarks  which  have  been  made  as  to  the 
:barous  term  which  has  been  concocted  for  the  inatruraent  undor 
eonsideration.  I  have  made  inquiries  among  gentlemen  of  far 
greater  dassical  pretensions  tlian  myself,  and  they  agree  with  mo 
that  the  name  is  utterly  barbaroua,  and  I  think  it  will  be  a  pity  if 
tiieterm  " Altandaj  system "  is  perpetuated;  still  I  suppose  there 
is  no  law  to  prevent  it.  To  a  certain  extent  I  have  made  esperi- 
L  nients  with  this  apparatus,  and  I  am  very  glad  to  hear  what  Mr. 
^b  Von  Ireuenfeld  and  others  have  said,  for  at  first  I  was  afraid  that 
^B  I  llsd  misunderstood  the  invention  and  was  experimenting  wrongly, 
r  Itried  it  in  the  following  way:  I  had  a  core  which  was  14J  inches 
long,  and  a  cover  about  14  inches ;  I  hung  a  small  steel  ball  by 
« very-long  thread  in  front  of  it,  and  I  found  that  the  drawing 
power  of  the  magnet  with  the  cover  on  was  less  than  it  was  with 
the  cover  off — except  in  one  position,  viz.  when  tho  cover  was  very 
nearly  off.  Nevertheless,  as  to  holding  power,  I  have  no  doubt 
from  experiments  which  I  am  satisfied  ai'e  accui'ate,  if  the  cover 
be  put  on,  and  if  you  have  an  iron  base  connecting  the  cover  with 
the  magnetized  core,  tho  holding  power  ia  enormously  iucreaaed, 
although  it  is  also  very  great  if  there  be  no  such  connection.  There- 
fore, while  I  can  give  Mr.  Faulkner  no  credit  for  tho  name,  I  think 
he  is  deserving  of  great  credit  for  bringing  the  instrument  before 
us,  many  uses  for  which  will  probably  soon  develop  themselves.     1 
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represent  more  or  less  the  requirements  of  the  military,  and  we 
want  sometimes  to  know  what  you  telegraph  gentlemen  are 
saying ;  if  then  we  can  tap  your  line  with  portable  instruments  of 
low  resistance  we  shall  have  a  better  chance  of  knowing  what  is 
going  along  the  line  than  if  high  resistance  instruments  are  used. 
It  is  sometimes  a  matter  of  great  importance  to  us  to  know  what 
is  passing  along  lines,  and  we  look  upon  your  wires  as  things  to  be 
tapped,  therefore  we  are  desirous  that  Mr.  Faulkner  and  others 
should  be  encouraged  in  the  production  of  sounders,  &c.  of  great 
sensitiveness  and  of  low  resistance ;  and  if  they  will  only  name 
them  according  to  some  known  law  of  language  they  shall  have 
my  best  wishes.     May  they  go  on  and  prosper. 

Mr.  Ladd  :  I  regret  that  I  was  called  upon  to  speak  at  the  last 
meeting  before  I  had  heard  the  remarks  of  Mr.  Faulkner.  No 
doubt  these  enclosed  magnets  are  of  great  use  for  many  purposes. 
In  the  case  in  which  I  used  them,  I  obtained  more  power  than  I 
wanted,  and  had  to  reduce  the  quantity  of  wire  in  order  to  get  the 
lesser  magnetism  for  my  purpose.  Now,  if  those  who  heard  Mr. 
Faulkner  at  the  last  meeting  left  with  the  idea  that  what  he  said 
about  cased  magnets  was  correct,  they  will  have  some  very  erroneous 
impressions.  A  great  deal  of  what  he  said  is — I  was  going  to  say — 
"AltandaB  "  nonsense;  for  instance,  that  the  outer  casing  is  some- 
thing only  that  prevents  waste  of  magnetism,  and  it  has  no  mag- 
netism itself.  This  we  know  is  wrong ;  the  outer  casing  forms  one 
of  the  poles  of  what  I  have  always  called  an  annular  magnet. 

Mr.  John  Faulkner  :  I  have  taken  the  liberty  of  distributing 
amongst  the  gentlemen  present  this  evening  sheets  of  diagrams 
illustrating  the  various  appliances  of  what  I  have  chosen  to  call  the 
Altandae  system.  Upon  those  diagrams  you  find  first  of  all  a 
diagram  showing  the  large  amount  of  waste  of  power  there  is  in 
the  common  electro-magnet.  No.  2  is  a  diagram  showing  the 
economy  of  force  there  is  in  the  AltandaB  magnet.  We  say  there  is 
waste  in  No.  1,  because  it  can  only  lift  1  or  3 ;  but  in  the  form  of 
No.  2  diagram  it  will  lift  100  or  300,  and  I  am  sanguine  enough 
to  believe  we  can  get  more  than  100-fold  of  increase  by  a  properly 
arranged  Altandae.  Having  got  this  great  force,  as  I  illustrated  the 
other  night,  I  will  describe  what  I  applied  it  to  in  the  first  instance. 
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In  making  common  electric  bells  we  have  two  coils,  and  what  I  did 
was  to  take  one  of  these  coils  reduced  in  size,  cast  away  one-half  of 
the  coil,  and  subsequently  three-quarters  of  the  coil,  and  I  then  got 
better  results  with  a  quarter  of  the  coil  than  I  did  with  the  two 
original  coils.    Finding  that  to  be  the  case  my  thought  turned  to  the 
applying  of  it  to  any  bells  and  sounders.     I  went  on  with  experi- 
ments, and  I  was  encouraged  to  a  degree  to  determine  that  I  would  no 
longer  waste  electricity  by  making  use  of  it  to  make  an  oleetro-mag- 
net,  but  that  I  would  rather  raise  the  power  of  the  olecti'o-magnet 
by  means  of  the  iron  cover.     Having  done  that  for  the  purpose 
of  bells,  &c.  I  conceived  that  we  might  regulate  the  power,  and  I 
found  that  the  thickness  of  tlie  cover  had  a  great  influence  on  the 
complete  realisation  of  the  power.    You  will  remember  in  my  illus- 
trations at  the  last  meeting  I  enclosed  the  electro-magnet  in  a  thin 
cylinder,  and  when  I  scattered  the  iron  filings  on  the  paper  you 
savir  that  still  waste  of  force  took  place,  but  when  I  put  a  thicker 
covermg  over  that  actually  ceased  and  the  power  was  entirely  in 
the  centre  and  not  outside ;  if  I  had  a  heavier  covering  still  it  would 
have  produced  more  effect.     The  importance  of  this  comes  to  us  in 
other  ways  as  we  can  alter  the  field.     No.  7  on  the  diagram  is  what 
I  call  an  AltandaB  telegraph  sounder,  with  regulating  cover.     Here 
we  have  the  cover  outside  moved  by  a  screw,  and  as  we  screw  the 
cylinder  on  we  gain  in  power.     We  are  told  this  cylinder  will  no 
increase  the  effects  of  a  small  quantity  of  electricity.     Indeed  it 
was  to  exalt  the  smaller  quantity  that  first  directed  my  tlioughts  in 
this  direction.     Having  made  an  instrument  that  would  work  by 
putting  on  more  tube  instead  of  more  battery  power,  I  conceived 
that  was  a  beneficial  thing.      I  have  given  diagrams  on  the  bottom 
of  the  sheet,  which  I  describe  as  "  other  examples  of  regulating 
telegraph  sounder,  (a)  by  expanding  the  field,  (6)  by  moving  the 
core,  and  (c)  by  moving  the  coil."     As  for  the  statements  of  the 
various  gentlemen  to-night,  I  assure  you  my  experience  is  that  it 
is  as  quick  if  not  quicker  in   action  than  the  ordinary  electro- 
magnet, and  when  properly  arranged  at  a  distance  where  the  force 
exists   it  is  better  for   all  practical  purposes   than  the   common 
electro-magnet.     I  thank  you  for  the  kind  attention  you  gave  me 
the  other  evening,  and  if  I  have  in  any  way  been  the  means  of 
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assisting  those  who  are  thinking  something  of  the  matter,  or  if  I 
have  given  new  thoughts  to  those  who  have  never  thought  of  the 
importance  of  it,  my  time  will  not  have  been  misemployed.  You 
can  all  see  I  have  thoroughly  gone  into  the  matter,  not  by  one  or 
two  tests  but  by  hundreds,  of  which  these  diagrams  are  the  proofe. 

If  I  had  a  little  more  time  I  could  show  you  a  phenomenon  in 
this  matter  which  will  become  of  great  importance  and  which  I 
have  no  doubt  you  will  hear  more  of  in  the  fiiture. 

Briefly  it  is  this  :  I  have  observed  in  diagrams  taken  from  the 
open  side  of  an  Altandas  electro-magnet  with  flat  iron  sides,  that 
the  curves  of  central  magnetism  or  the  neutral  point  changed  with 
the  thickness  or  quality  of  iron  placed  across  one  or  both  ends. 
From  this  suggestion  I  have  made  an  instrument,  which  is  on 
exhibition  at  the  Loan  Exhibition  of  Scientific  Instruments,  in  the 
South  Kensington  Museum,  for  testing  the  thickness  or  qiftdity  of 
iron  plates  in  boilers,  faults  in  telegraph  wire,  &c.  &c.  I  called  it 
the  AltandaB  Electro-Magnetic  Iron  Plate  and  Wire  Tester.  This 
is  shown  in  fig.  2. 


Fig.  2. 

A  F  is  an  Altandse  magnet  encased  below  and  on  the  two  sides 
with  iron  plates;  above  is  a  brass  top  A  Q-  H  B,  on  which  a 
scale  k  e  k  graduated.  C  C  is  the  core  situated  in  the  centre  and 
passing  lengthwise  through  the  magnet ;  round  this  is  wound  a  coil 
of  wire,  from  the  terminals  of  which  the  wires  L  and  1/  lead  off  to 
a  battery.  When  the  instrument  is  to  be  used,  the  face  A  D  E  G 
of  the  magnet  is  placed  against  the  iron  plate  to  be  tested.  A  small 
compass  is  then  passed  along  the  scale  k  e  until  the  neutral  point 
is  found.  The  whole  is  then  moved  along  the  surface  of  the  plate 
in  various  directions,  and  any  change  of  the  neutral  point  in  the 
magnet  is  at  once  observed  by  means  of  the  dipping  of  the  compass- 
needle.  The  thickness  of  the  plate  may  then  be  known  by  observing 
the  distance  along  the  scale  between  the  neutral  point  when  the 
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magiiet  is  placed  against  tlie  plate,  and  when  it  is  removed ;  any 
defect  in  the  thickness  of  the  plate  is  likewise  at  once  observed. 

Tho  President  :  I  am  much  pleased  at  having  called  attention 
to  an  eleetro-magnet,  which  appears  to  have  been  but  little  known, 
although  first  described  some  thirty  years  ago.  Since  my  commu- 
nication was  written  I  have  made  further  experiments,  and  have 
tried  armatures  of  various  forms,  bls  in  all,  and  in  a  different 
position  as  to  the  centi-c  of  motion,  which  in  all  the  present 
eases  was  in  a  line  with  the  bottom  of  the  coil.  It  will  be  seen  that 
the  tracing  out  the  behaviour  of  these  coils  with  various  anuatures 
is  very  interesting,  and  well  worth  investigating,  altogether  apart 
from  their  practical  application.  The  results  of  my  further  experi- 
ments are  as  follows : — 

When  we  used  the  plain  armature  like  kU  (fig.  7),  but  fixed  ver- 
tieally,  and  witli  its  centre  of  motion  at  one  end,  as  shown         .m . 
in  fig.  11,  the  attraction  rose  to  43  oz.  with  3  plat-gra-     /    m,    \ 
yhite  cells,  and  to  20  oz.  with  1  Leclanehe.  \M^ 

Using  two  such  plain  armatures  at  right  angles  to  eaoh      Fig-  H- 
otner,  as  shown  in  fig.  12,  in  fact  a  cross,  the  attraction  showed 
s  further  rise,  reaching  to  48  and  26  oz.  respectively  witli  the 
3  plat-graphite  and  I  Leclanehe  cell.  ^ 

With  a  complete  disc,  as  shown  in  fig.  13,  the  attrac-   ^^^^ 
tion,  which  with  the  open  disc  or  wheel  had  been  32,        ^ 
fas  exactly   doubled,   and  became   64  oz.,  or  4   lbs      ng  12 
with  the  Splat-graphite  cells,  and  31  oz.  with  the  1  Leclanehe 

In  these  six  experiments  the  core  was  -y^-inch  iron ,  m  figs  5 
snd  8,  in  the  earlier  experiments,  it  had  been  half  this      ^^^ 
lize,  or  f -inch,  the  size  of  the  coil  and  its  iron  case  being     F''('~\ — \ 
in  each  instance  the  same,  but  one  holding  of  course  a     ^^^^=/ 
fen- yards  less  of  wire  than  the  others.  Fig.  13. 

I  found  that  our  Mr.  Stelges  had  taken  tho  armature  it',  fig.  8, 
from  its  position  there,  and  had  dropped  it  down  and  made  its 
centre  of  motion  at  the  bottom  of  the  coil,  and  so  that  the  top  of 
tlie  segment  faced  the  iron  core,  as  seen  in  fig.   14. 
ff  itli  three  plat-graphite  cells  the  armatui-e  held 
and  13^  oz,  with  the  single  Leclanehe. 
It  was  thought  now,  by  inverting  this  same  aimatoiQ)      '&'%'^\^ 

as     *^ 
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80  that  the  top  of  the  segment  was  downward,  and  the  straight  edge 
on  a  level  with  and  facing  the  iron  core,  fig.  15,  that 
the  attraction  would  increase,  seeing  that  more  surface 
of  armature  and  magnet  would  be  presented  to  each 
Fig.  16.     other.    The  reverse  was  the  case:  it  fell  from  19f  and 
13i  to  16  and  9^.02. 
When  a  whole  circle  armature  open  like  the  segments,  a  wheel 
in  fact,  fig.  16,  with  four  spokes  or  radii,  was  used,  the 
attraction  rose  from  19|  and  13 J  to  32  and  17  oz. 
The  magnet  with  the  larger  iron  core  with  its  lesser 
Eig.  16.      length  of  wire  gave  just  about  the  same  attraction  as 
did  that  with  the  smaller  core,  and  the  greater  length  of  wire, 
when  tried  with  a  single  Leclanche  cell. 

It  remains  to  determine,  each  for  himself,  the  cases  in  which 
this  form  of  electro-magnet  can  be  advantageously  substituted  for 
the  ordinary  U-shaped ;  regard  being  had  to  the  relation  between 
the  resistance  external  to  the  magnet  and  that  of  the  magnet  itself 
With  these  remarks  I  close  this  discussion,  and  will  now  call 
upon  our  Acting- Secretary  to  give  the  Meeting  a  few  words  of 
description  of  Edison's  "  Electric  Pen,"  the  working  of  which  is 
exhibited  here  to  night  by  a  gentleman  who  has  been  kind  enough 
to  attend  for  that  purpose. 

Mr.  SiVEWRlGHT  in  describing  the  Electric  Pen  said  :— 
We  are  indebted  to  the  patentee  in  England  of  Edison's  Electric 
Pen,  Mr.  Thomas  Clare,  of  Handsworth,  near  Birmingham,  who 
most  readily  complied  with  my  request  to  come  here  this  evening 
and  exhibit  its  working  to  the  members  of  the  Society. 

The  object  of  this  pen  is  to  pierce  fine  holes  in  sheets  of  paper, 
forming  stencils,  from  which  impressions  are  taken.  This  is  done, 
when  the  stencil  is  once  prepared,  by  passing  an  inked  roller  over 
the  stencil,  which  prints  on  to  the  paper  placed  beneath  it.  As  many 
as  1,000  to  2,000  impressions  can  it  is  asserted  be  thus  printed  at 
the  rate  of  four  to  six  per  minute.  The  pen  in  its  essential  principle 
consists  of  a  tube  a,  fig.  1,  tapering  to  a  small  point  6,  and  with  a 
needle  c  moving  inside  it.  This  needle  is  reciprocated  with  great 
rapidity,  and  when  the  point  is  projected  it  is  suiBSciently  long  to 
reach  ibrongh  the  naner  upon  which  the  tube  of  the  pen  rests;  when 
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the  needle  is  retracted  it  ia  drawn  within 
the  tabe  so  tliat  the  small  end  is  &ee  to 
he  mored  from  place  to  place  over  the 
anr&ce  of  the  paper.  The  needle  mov- 
ing ffith  great  rapidity  produces  the 
punctures  in  the  paper  sufficiently  close 
together  to  form  lines  when  the  pen  is 
"mnipulated  in  writing  or  drawing. 
^  movement  of  the  needle  is  due  to 
"»  motion  of  the  armature  of  an  elec- 
tro-magnet  jr. 

This  electro-magnet  is  upon  the  frame 

*>  which  supports  the  axis  marked  2 

of  the  fly-wheel /(fig.  2),  and  this  fly- 

'^heel  is  connected  with  the  armature  p'. 

^pon  the  axis  2  there  is  an  eccentric 

,  °^  cam  with  three  arms  acting  upon  the 

^tock  3  at  the  upper  end  of  the  needle- 

"Uif  so  as  to  give  three  up  and  down 

'•lotions  to  the  needle-point  upon  each 

"^■volution  of  the  axis  2. 

The  commutator  circuit-closer  to  the 
electro-magnet,  that  is  to  say,  "the 
iiiake  and  break  "  arrangement,  is  com- 
posed of  the  spring  t  acted  upon  by  the 
notched  or  flattened  disc  4,  so  as  to 
open  and  close  the  circuit  through  the 
screw  5,  and  thus  actuate  the  electro- 
nutgnetic  motor  iu  the  usual  manner. 

The  tube  of  the  pen  screws  on  to  the 
fivme  e,  and  it  is  provided  with  a  set-nut 
by  means  of  which  it  can  be  clamped 
after  the  tube  has  teen  adjusted. 

The  wires  6  and  7  load  to  the  battery,  which  consists  of  two  of 
the  ordinary  bichromate-cells.  The  elements  are  so  constructed  as 
to  be  raised  out  of  action  when  the  battery  is  not  required.  Th* 
new  form  of  bichromate-battery,  introduced  by  Mr.  Follei.,  whicH 
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dispenses  with  the  necessity  for  this,  is  well  adapted  for  working 
the  pen,  and  is  likely  to  be  largely  employed  for  the  purpose. 

The  wires  leading  from  the  pen  to  the  battery  are  flexible  to 
allow  the  pen  to  be  easily  moved  about  in  writing,  &c. 

The  paper  to  be  punctured  is  placed  on  a  board  of  white  pine, 
with  or  without  blotting  paper.  The  pen  is  held  and  used  in  the 
same  way  as  an  ordinary  pen  or  pencil.  The  tube  is  taken  in  the 
hand  and  pressed  on  the  paper  in  writing  or  drawing,  and  the 
needle  then  perforates  the  paper  at  the  rate  of  6,000  strokes 
per  minute.  In  this  way  what  is  being  written  or  drawn  is,  so 
to  speak,  punctured  on  the  paper,  as  shown  in  fig.  3.     Sometimes 

Fig.  3. 
prepared  paper  is  used,  called  "  metallic,"  the  tube  marking  it  as 
a  pencil  would,  or  a  solid  point  of  metal  or  black  lead  is  employed ; 
or  again,  a  sheet  of  carbonized  paper  is  placed  under  the  paper 
to  be  pierced,  and  the  needle  point  pressing  on  this  shows  very 
clearly  what  is  being  written  or  drawn.  When  the  stencil  (writing 
or  drawing)  is  completed  it  is  placed  in  a  frame  and  a  roller  coated 
with  prepared  ink  is  passed  over  it,  which  fills  the  perforations. 
A  sheet  of  paper  is  then  placed  under  the  stencil  and  the  roller  is 
passed  over  the  stencil  once  or  twice  and  an  impression  is  obtained; 
this  is  repeated  as  required. 

The  ink  used  is  the  best  printers'  ink,  diluted  with  castor-oil.  It  is 
stated  that  any  one  can  write  in  their  usual  style  with  ease  and  freedom 
and  with  a  rapidity  equal  to  that  of  an  ordinary  pen  or  pencil. 

An  office  boy  can  print  the  impressions,  so  the  invention  will 
doubtless  be  of  very  great  service  for  multiplying  copies  of  letters 
or  drawings. 

The  price,  I  may  add,  for  a  set  of  the  apparatus  complete  in 
every  respect  is  eight  guineas. 

The  Meeting  then  adjourned 
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(Head  at  the  Ordinary  General  Meeting  held  on  March  8th, 

1876.) 

Gutta-percha  Works,  18,  Wharf  Road,  City  Road, 
To  the  Secretary  of  the  March  3, 1876. 

Society  of  Telegraph  Engineers. 

Sir, — On  February  4,  1873,  I  brought  before  the  notice  of  the 
Bcientific  world,  through  the  Society  of  Telegraph  Engineers,  the 
effect  which  light  has  on  the  electrical  conductivity  of  selenium. 
Since  that  time  the   subject  has  been  investigated    by  several 
scientific  gentlemen,  and  although  nothing  new  has  been  brought 
forward  it  is  satisfactory  to  find  tha£  they  all  confirm  my  state- 
ment that  the  phenomena  are  due  solely  to  the  action  of  light.   The 
subject  is  now  attracting  the  attention  of  scientific  gentlemen  of 
other  countries,  and  I  have  had  my  attention  drawn  to  several 
inaccuracies  which  have  occurred  in  reported  statements  made  by 
those  gentlemen.     I  therefore  think  it  would  be  well  if  the  Society 
to  whom  I  first  communicated  what  in  time  may  prove  a  very 
important  discovery  will  allow  me  to  place  on  record  a  few  par- 
ticulars as  regards  the  actual  discovery  of  the  action  of  light  on 
selenium.     While  in  charge  of  the  electrical  department  of  the 
laying  of  the  cable  from  Valentia  to  Heart's  Content  in  1866  I 
introduced  a  new  system  by  which  ship  and  shore  could  communi- 
cate fireely  with  each  other  during  the  laying  of  the  cable  without 
interfering  with  the  necessary  electrical  tests.    To  work  this  system 
it  was  necessary  that  a  resistance  of  about  one  hundred  megohms 
should  be  attached  to  the  shore-end  of  the  conductor  of  the  cable. 
The  resistance  which  I  first  employed  was  composed  of  alternate 
sheets  of  tinfoil  and  gelatine,  and,  although  they  answered  the 
purpose,  still  the  resistance  was  not  constant  enough  to  be  satis- 
factory.    While  searching  for  a  more  suitable  material  the  high 
resistance  of  selenium  was  brought  to  my  notice,  but  at  the  same 
time  I  was  informed  that  it  was  doubtful  whether  it  would  answer 
my  purpose  as  it  was  not  constant  in  its  resistance.     I  obtained 
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several  specimens  of  selenium  and  instructed  Mr.  May,  my  chief 
assistant  at  our  works  at  G-reenwich,  to  fit  up  the  system  we 
adopt  on  shore  during  the  laying  of  cables,  using  selenium  as  the 
high  resistance,  and  employ  the  spare  members  of  the  staff  as 
though  they  were  on  shore  duty  and  report  to  me  on  the  subject 
The  arrangement  is  shown  in  the  accompanying  diagram,  which  is 
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self-explanatory.  It  was  while  these  experiments  were  going  on 
that  it  was  noticed  that  the  deflections  varied  according  to  the 
intensity  of  light  falling  on  the  selenium.  One  of  many  of  the 
experiments  made  was  as  follows : — 


Time. 


1' 
3' 


Selenium  closed  in 

box.    Gas  in  room 

not  bnming. 


Resistancs  in  megohms. 

1483 
1483 
1483 


Cover  off  box.    Gas 
not  bnming. 


Resistance  in  megohms. 

1419 
1405 
1405 


Cover  off  box.    Two 

ordinary  gas-burners 

alight  in  room. 


Resistance  in  megohms. 

1047 
1018 
1018 


In  each  case  the  temperature  in  the  box  was  71*5  Fah.  During 
the  laying  of  the  1873  and  1874  Atlantic  cables,  the  Lisbon  and 
Madeira,  Madeira  and  St.  Vincent,  St.  Vincent  and  Pemambuco, 
and  the  Australian  and  New  Zealand  cables,  I  have  with  success 
adopted  selenium  bars  protected  from  the  action  of  light. 

Although  I  have  not  been  able  to  devote  the  time  necessary  to 
thoroughly  investigate  such  a  phenomena  I  have  taken  great 
interest  in  the  subject,  and  hope  before  long  to  lay  before  the 
Society  some  farther  experiments  which  may  prove  interesting. 

Yours  very  truly, 

WiLLOUGHBY  SmITH. 
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THOMSON'S  SIPHON  EECORDER.* 
By  J.  A.  EwiNG. 

§  1.  Preliminary. — The  siphon  recorder  is  an  instrument  for 
recording  on  a  moving  paper  ribbon  the  right  and  left  movements 
of  a  pointer  acted  upon  by  the  successive  positive  and  negative 
currents  which  go  to  make  up  telegraphic  signals.  Its  extreme 
sensitiveness  makes  it  especially  suitable  for  recording  the  signals 
received  through  long  submarine  lines. 

A  coil  of  fine  insulated  wire  is  delicately  suspended  between 

the  two  poles  of  a  powerfdl  electro-magnet,  so  as  to  be  capable  ot 

moving  round  a  vertical  axis,  and  the  current  from  the  cable  is 

Diade  to  pass  through  this   coil.      When   a   current   is  passing 

through  the  coil  it  tends  to  take  up  a  certain  position  relatively 

to  the  poles   of  the  magnet,  namely,  the  position  in  which  the 

plane  of  the  coil  is  perpendicular  to  the  line  joining  the  two  poles 

of  the  magnet.     But  the  coil  is  suspended  so  as  to  hang  (when  no 

current  is  passing)  in  a  position  at  right  angles  to  this  position. 

Hence,   when  a  current  passes,  the  coil  tends  to  turn  round  a 

Vertical  axis.     If  the  current  is  positive,  the  coil  turns  round  (say) 

lu  the  direction  of  the  hands  of  a  watch,  but  if  the  current  is 

iiegative,  the  coil  turns  round  in  the  reverse  direction.     Hanging . 

from  the  coil  are  two  weights  which  resist  the  tendency  to  turn 

round  caused  by  the  passing  of  a  current  through  the  coil,  and 

which  serve  to  bring  the  coil  back  to  its  original  position  when 

the   current  ceases.      By  means  of  a  system  of  silk  fibres,  the 

motion  of  the  coil  is  communicated  to  a  pointer  which  consists  of 

a  very  fine  glass  siphon,  one  end  of  which  dips  into  an  ink  holder, 

whilst  the  other  vibrates  across  a  paper  ribbon  in  obedience  to 

.  the  movements  of  the  suspended  coil.     The  paper  ribbon  is  made 

♦  A  considerable  part  of  what  follows  relating  to  the  Siphon  Recorder  has  been 
taken,  with  little  alteration,  from  Mr.  J.  C.  Cuff's  pamphlet  on  that  instrument, 
printed  in  1873.  The  description  of  the  recorder  and  the  directions  for  its  use  have 
been  enlarged,  and  now  include  all  the  recent  improvements. — J.  A.  E. 
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to  move  past  the  end  of  the  siphon  at  a  uniform  rate.  In  order 
to  make  the  ink  run  through  the  siphon,  the  ink  is  electrified, 
and  the  paper  ribbon  is  connected  to  earth  through  the  framework 
of  the  instrument.  The  ink  and  paper  consequently  attract  each 
other,  and  the  ink  is  spurted  out  of  the  end  of  the  siphon  on  to 
the  paper  in  a  succession  of  very  fine  drops.  These  drops  form 
a  continuous  straight  line  along  the  centre  of  the  paper  so  long 
as  no  current  passes  through  the  coil,  but  when  the  coil  is 
deflected  by  the  passage  of  a  current,  the  end  of  the  siphon  is 
deflected  with  it,  and  traces  a  wavy  line  on  the  paper,  showing 
the  successive  deflections  to  the  right  or  the  left  of  the  central 
position. 

*  The  electrification  of  the  ink  is  effected  by  means  of  an  electro- 
static induction  machine  called  the  mouse  mill,  which  is  driven 
either  by  clockwork  or  by  an  electro-magnetic  arrangement  The 
same  driving  power  serves  to  draw  along  the  paper  ribbon  past 
the  end  of  the  siphon. 

§  2.  Q-ENERAL  Description. — Figs.  1  and  2  show  the  front 
and  side  views  respectively  of  a  complete  siphon  recorder,  in 
which  the  mouse  mill  is  driven  by  an  electro-magnetic  arrange- 
ment. Figs.  3  and  4  show  on  a  larger  scale  the  suspension  of  the 
coil  and  siphon.  AAA  are  three  stout  wooden  pillars  which 
support  the  framework  of  the  instrument.  B  is  the  mouse  mill, 
which  is  driven  by  an  electro-magnet  inside  the  box  D.  E  (fig. 
1)  is  one  of  the  terminals  of  the  coil  of  this  magnet,  and  imme- 
diately behind  E  is  the  other  terminal.  The  drawer  F  contains 
lumps  of  pumice-stone  moistened  with  sulphuric  acid,  by  which 
the  atmosphere  inside  the  mouse  mill  is  kept  dry.  The  electricity 
generated  by  the  revolution  of  the  mouse  mill  is  conducted  to 
the  brass  rod  P  and  is  communicated  from  the  point  of  P  to  the 
plate  0  by  convection  of  the  air.  The  plate  0  is  in  connection 
with  the  ink  holder  K,  but  K  is  insulated  from  the  rest  of  the 

instrument  by  the  vulcanite  rod  L.     The  electrification  of  K  causes 

« 

the  ink  to  flow  through  the  siphon  <  on  to  the  paper  which  passes 
along  in  front  of  the  plate  c. 

The  motion  of  the  mouse  mill  is  communicated  to  the  paper 
drum  d  by  means  of  the  hanging  shaft  J  J,  which  has  a  large 
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wooden  pulley  at  one  end,  and  a  lead  counterpoise  witli  a  series  of 
bnifiB  pulleys  at  the  other.    A  cord  passes  round  a  pulley  at  the 


back  of  the  moose  mill,  and  round  the  wooden  pulley  at  the  back 
of  the  hanging  shaft ;  another  cord  passes  round  one  or  other  «rf 
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the  brass  pnlleys  at  the  front  of  the  hanging  shaft,  and  round 
pulley  I,  which  is  on  the  same  axis  as  the  paper  drum  d. 


Fig.  2. 

M  M  are  the  electro-magnets,  between  the  poles  of  ^^rhich  han 
the  signal  coil  S.     They  lie  on  the  semi-cylinders  of  iron  N  ] 
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« 

which  form  at  once  the  bed  and  armature  of  the  electro-magnets 
M  M.  The  electrodes  of  the  local  battery,  which  is  used  to  keep 
the  electro-magnets  active,  are  attached  to  the  terminal  Uj  and 
tJg,  and  a  wire  from  the  middle  of  the  battery  is  attached  to  Ug. 
By  means  of  the  switch  V,  full,  intermediate,  or  no  battery  power 
may  be  applied  to  the  electro-magnets  M  M  (see  §  7).  The  con- 
tacts with  the  ends  of  the  coils  of  the  electro-magnets  M  M  are 
made  by  the  springs  Yj,  Yg,  Yg  (see  §  12). 

Tj  and  Tg  are  terminals  connected  to  the  ends  of  the  signal  coil 
S.  A  quadrant  slide  connected  to  Tg  enables  a  shunt  to  be  inserted, 
80  as  to  lessen  the  amount  of  current  passing  through  the  coil.  W 
is  a  small  drawer  for  holding  tools,  spare  siphons,  &c. 

§  3.  Motion  of  the  Paper  Ribbon. — The  paper  enters  from 

the  right-hand  side,  and  is  passed  under  the  spring  a  to  keep  it 

siretched.     Then  over  the  roller  6,  whence  it  passes  over  a  slightly 

curved  guide-plate  c  vertically  downwards  past  the  point  of  the 

siphon  <,  till  it  reaches  the  driving  drum  d.     It  passes  a  quarter 

found  this  drum,  and  is  discharged  horizontally  to  the  left.     It  is 

pressed  upwards  against  the  lower  edge  of  the  driving  drum  d  by 

the  roller  e.    This  roller  is  pressed  up  against  the  driving  drum 

hy  its  bearings,  these  being  attached  to  a  brass  frame  which  is 

pivoted  on  a  stout  horizontal  pin  g,     A  lever  projecting  to  the 

right  is  pulled  down  by  a  spiral  spring,  so  that  the  roller  e  may  be 

pressed  up  against  the  driving  drum,  and  so  may  grip  the  paper. 

This  spring  has  its  lower  end  drawn  down  by  a  crank  which  is 

turned  by  the  small  handle  /.     The  whole  siage  carrying  the 

paper  rollers,  &c.,  is  supported  on  a  triangular  plate  G  G,  which 

can  be  made  to  move  backwards  or  forwards  only,  and  which  is 

secured  in  any  position  by  the  screw  H.     The  speed  of  the  paper 

is  varied  by  shifting  the  cord  in  front  from  one  to  another  of  the 

brass  pulleys  on  the  shaft  J  J, — to  a  larger  pulley  if  the  speed  is  to 

be  increased,  or  to  a  smaller  pulley  if  the  speed  is  to  be  diminished. 

The  ends  of  the  shaft  J  J  press  lightly  against  two  vertical  guiding 

cheeks.     The  cords  have  to  be  of  such  lengths  that  the  ends  of  the 

shaft  do  not  rest  on  the  bottom  of  the  guides,  and  that  the  wooden 

pulley  does  not  rub  against  any  part  of  the  framework.     Whipcord 

is  the  best  material  for  the  driving  bands.     In  making  tJaftYiv  \\a 
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splices  need  be  attempted;   the  reefing  knot,  with  ends  not  less 
than  one-eighth  of  an  inch  long,  answers  perfectly  well,  and  never 


draws.  Fig.  5  shows  the  appearance  of  a  reefing  knot  before  it  is 
drawn  tight  Care  must  be  taken  not  to  make  a  "granny's"  knot, 
which  is  apt  to  draw.  A  small  variation  in  the  length  of  either 
band  does  no  harm. 
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§  4.  Suspension  of  the  Signal  Coil  and  Siphon. — The  signal 

coil  and  the  siphon  are  arranged  iipou  a  framework,  a  side  view 

of  wliich  18  shown  in  fig.  3.     Fig.  4.  shows  a  front  view  of  the 

auspension  of  the  coil.     The  whole  framework  is  secured  in  its 

place  between  the  electi-o-mftgneta  by  the  clamping  screw  C  at  the 

back.     The  coil  S  ts  suspended  by  a  silk  thread  passing  over  the 

pulley  r.     The  position  of  r  can  be  varied  by  releasing  the  clamp 

IP.     Inside  the  coil  is  a  stationary  piece  of  soft  iron  s  »,  the  object 

of  which  is  to  increase  tlie  intensity  of  tlie  magnetic  field  in  which 

the  coil  hangs.     Two  woighia  han^  from  the  coiJ,  and  can  slide  up 

and  down  the  guides  z.     The  cords  by  which  these  weights  hang 

pass  behind  a  bridge  x^  whose  distance  from  the  coil  can  bo  altered 

by  releasing  the  screw  y.    p  and  g  are  the  terminals  of  the  coil 

I  to  which  wires  inside  the  instrument  leading  to  Tj  and  T^  are 

,     At  the  right-hand  top  corner  of  the  coil  a  fine  ailk 

i^fibre  V  is  attached,  which  leads  to  a  point  near  the  end  of  a  small 

rvertical  lever  u  called  the  multiplier.     Near  the  top  of  u  another 

i  attached,  which  leads  to  t,  a  projecting  point  on  the  left- 

ind  side  of  an  aluminium  cradle  which  carries  the  siphon.     This 

lamiiiium  cradle  is  fixed  to  a  cross  wire  on  the  bridge  i  i ;    by 

irning  the  screw  t  (fig.  1)  torsion  can  be  put  on  tiiia  wire.     At 

the  back  of  the  signal  coil,  and  just  behind  the  point  of  attachment 

of  the  fibre  r,  is  another  fibre,  the  other  end  of  which  is  attached 

spring  at  o  (fig.  3),  the  position  of  which  can  he  altered  by 

■ning  the  scro  w  n.     By  turning  n  outwards  a  greater  strain  ia  put 

1  fibre  leading  from  o  to  the  signal  coil,  and  by  turning  n 

Inwards  the  strain  is  lessened.     The  bridge  i  i  which  carries  the 

bhon  is  secured  to  the  plate  m  m  by  the  screw  y,  and  ia  caoehW 
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of  being  moved  backwards  or  forwards  when  j  is  loosened.  By- 
pressing  the  plate  m  m  up  gently,  the  plate,  and  with  it  the  bridge 
carrying  the  siphon,  can  be  lifted  so  that  the  siphon  rises  out  of  the 
inkholder.  The  groove  in  the  piece  of  metal  between  L  and  m 
constrg-ins  the  plate  m  to  rise  in  such  a  path  that  the  fibres  leading 
to  the  coil  are  not  strained  by  the  raising  of  the  plate.  K  is  the 
ink  box  into  which  one  end  of  the  siphon  dips. 

§  5.  The  Mouse  Mill. — The  mouse  mill  is  at  once  an  electro- 
magnetic engine  and  an  electrostatic  induction  machine.  The 
electro-magnetic  arrangements  are  as  follows : — In  the  box  D  is 
a  horse-shoe  electro-magnet.  In  the  glass  case  above  are  ten 
revolving  armatures,  which  pass  the  poles  of  the  magnet  at  the 
lowest  point  of  their  revolution.  On  the  shaft  which  carries  the 
armatures,  and  revolving  with  it,  is  a  cam,  which  is  a  ten-sided 
polygon.  (This  cam  is  at  the  back  of  the  mill,  and  is  not  shown 
in  the  figure.)  On  the  edge  of  this  cam  a  contact-spring  rests, 
and  as  the  corners  of  the  cam  pass  under  the  contact-spring  they 
raise  it,  and  so  break  contact  between  it  and  a  stop  underneath  it 
When  the  middle  portion  of  the  straight  edges  of  the  cam  passes, 
the  spring  drops  and  contact  is  made.  This  contact  determines  the 
passage  of  the  current  from  a  powerful  local  battery  through  the 
coils  of  the  electro-magnet  in  the  box  D.  The  cam  is  so  set  that, 
when  the  mill  revolves,  each  successive  armature  is  attracted  by 
the  electro-magnet  so  long  as  the  armature  is  approaching  the 
magnet,  but  when  the  armature  passes  the  poles  of  the  magnet 
contact  is  broken  and  the  attraction  ceases.  This  makes  the  axle 
carrying  the  armatures  revolve.  To  diminish  friction  as  much  as 
possible  the  ends  of  the  axle  are  pivoted  on  the  edges  of  friction 
wheels,  wliich  work  in  cup&  filled  with  oil.  By  means  of  the 
quadrant  slide  X  (fig.  2)  at  the  back,  extra  resistance  can  be 
introduced  into  the  circuit  of  the  electro-magnet ;  this  lessens  the 
strength  of  the  current  passing  through  the  coils  of  the  magnet, 
and  thus  reduces  the  speed  of  the  mill.  The  lowest  stud  of  the 
slide  corresponds  to  the  highest  speed. 

The  electrostatic  arrangements  in  the  mouse  mill  will  be  under- 
stood by  reference  to  fig.  6.  On  the  revolving  axle  are  fixed  ten 
metal  carriers  (c,  c^  &c.),  insulated  from  the  axlQ  and  from  each 
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other.    They  revolve  inside  two  metal  plates,  I  and  F,  bent  so  as 

to  form  parts  of  cylinders  (called  the  inductors),  one  of  which, 

r,  is  in  contact  with  the  iframework  of  the  instrument,  and  so  to 

earth ;    the  other,  I,  is  insulated  and  connected  to  the  rod  P  (fig, 

2).    Attached  to  the  carriers  and  in  electrical  contact  with  them 

are  ten  pins,  which,  as  they  revolve,  touch  successively  the  four 

contact  springs  a,  ft,  a!  and  ft'.    The  inductors  and  the  springs 

are  fixed ;  the  carriers  and  the  contact  pins  revolve.     The  spring 

a  is  6onnected  to  the  inductor  I,  d  is  connected  to  T ;  6  and  V  are 

connected  together,  but  are  insulated  from  the  framework. 


Fig.  6. 


Suppose  that  the  inductor  I  is  in  a  state  of  very'feeble  (say) 
positive  charge  to  begin  with,  and  that  the  carriers  are  set  revolv- 
ing.    The  two  opposite  carriers  c  and  c'  are  in  contact  with  each 
other  while  the  pins  connected  to  them  are  passing  the  springs  6 
and  ft'.     During  this  time,  the  positive  charge  on  I  induces  a 
separation  of  electricities  on  c  and  c',  attracting  a  negative  charge 
to  c,  and  driving  off  positive  electricity  to  d ,    As  c  and  d  revolve, 
c  comes  in  contact  with  a',  and  its  negative  charge  flows  to  earth ; 
d  comes  in  contact  with  a,  and  its  positive  charge  goes  to  increase 
the  previously  exising  positive  charge  on  the  inductor  I.     This 
has  the   effect  of  increasing  the   inductive   action   of  I  on  the 
succeeding  carriers.     Thus  not  only  does  the  charge  on  I  go  on 

VOL.  V.  0 
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increasing,  but  the  rate  of  its  increase  goes  on  increasing  too.  The 
action  will  take  place  if  the  potential  of  the  inductor  I  differs  ever 
so  little  from  that  of  the  inductor  T.  If  I  were  negative  relatively 
to  r  to  begin  with,  then  a  negative  charge  would  accumulate  on  I. 
It  would  be  diflSoult,  if  not  impossible,  to  reduce  T  and  T  so  exactly 
to  the  same  potential  as  to  prevent  I  from  getting  highly  charged 
after  a  few  turns  of  the  mill. 

The  carriers  and  inductors  are  coated  with  paraffin  wax  to 
prevent  sparks  from  passing  across  the  air  space  between  them. 

§  6.  The  Local  Batteries. — The  batteries  employed  to  keep 
the  electro-magnets  M  M  and  that  in  the  mouse  mill  active  are 
modifications  of  Daniell's  battery,  designed  so  as  to  have  very  little 
internal  resistance,  and  are  called  Tray  cells.  They  consist  of 
large  flat  wooden  trays,  lined  with  lead  to  make  them  watertight, 
and  having  for  the  positive  metal  a  sheet  of  thin  copper  in  the 
bottom  of  the  tray.  In  the  four  comers  of  the  tray  four  stoneware 
props  are  placed,  and  on  the  top  of  them  rests  a  zinc  grating 
which  forms  the  negative  metal.  The  tray  is  filled  up  with  a 
solution  of  sulphate  of  zinc,  and  sulphate  of  copper  crystals  are 
dropped  in  on  the  bottom  plate.  Th  e  zinc  is  surrounded  witha 
sheet  of  stout  parchment  paper  to  prevent  the  diffiision  of  the 
sulphate  of  copper  solution  from  producing  copper  deposits  on  the 
zinc  plate.  The  trays  are  coimected  to  each  other  by  being  piled 
one  on  the  top  of  another,  so  that  the  copper  of  one  is  connected  to 

ft 

the  zinc  of  the  one  below  it,  by  contact  of  the  lead  sheathing  of  the 
upper  one  with  the  four  corners  of  the  zinc  plate  below  on  which 
it  rests.  The  advantage  of  this  form  of  cell  is  its  extremely  low 
internal  resistance.  It  requires  constant  attention  to  keep  it  in 
efficient  order.     (See  §  8.) 

§  7.  Directions  for  Setting  up  the  Batteries. — Each  of 
the  lead  trays  must  first  be  careftilly  coated  with  varnish,  over 
the  bottom,  sides,  and  edges.  Spirit  varnish  made  with  shellac 
or  ordinary  varnish  will  do  very  well.  Care  should  be  taken  not 
to  varnish  over  the  strip  of  copper  which  is  soldered  to  the  bottom 
of  each  tray.  The  under  surface  of  each  thin  copper  plate  is  also 
to  be  varnished.  When  the  varnish  is  dry,  place  the  sheet  of 
copper  in  the  tray  with  the  varnished  side  down,  and,  cutting  a 
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slit  111  the  centre  of  (Jig  copper  sheet,  bring  through  the  strip  of 
copper  which  is  soldered  to  the  bottom  of  the  tray ;  bond  tljo  strip 
and  spring  it  so  tliat  its  end  presses  firmly  against  the  upper  surfaoo 
of  the  copper  plate,  taking  care  that  both  are  scraped  clean  at  the 
place  where  they  touch. 

Each  lead  tray  should  have  a  stout  copper  wire  soldered  to  it, 
projecting  about  three  inches  from  oue  corner. 

Each  zinc  is  to  be  protected  by  a  square  of  parchment  paper 
bent  round  below  it,  and  folded  neatly  at  the  corners  and  fixed 
with  sealing  wax,*  Care  must  be  taken  that  the  edge  of  the  paper 
be  generally  f  inch  (and  in  no  place  less  than  i  inch)  above  the 
upper  level  of  the  bars  of  the  zinc  grating.  It  must  be  bound 
firmly  to  the  zinc  by  twine  passing  under  the  parchment  paper  and 
tied  over  the  zinc  above ;  also  by  a  long  piece  of  twine  several 
times  round  the  square. 

To  support  a  pile  of  trays,  take  four  blocks  of  wood  or  stone, 
each  four  or  five  inches  squai'o  in  horizontal  dimensions  and  of 
any  convenient  height,  and  place  them  on  tho  floor  in  positions  to 
bear  the  foui-  corners  of  a  tray.  The  pile  must  be  so  placed  as  to 
give  ready  access  to  each  of  its  sides.  Put  a  piece  of  thick  sheet 
gutta-percha,  six  inches  square,  on  the  top  of  each  of  tho  wooden 
squares,  and  then  lay  down  the  first  tray  upon  them,  seeing  that 
it  is  properly  levelled.  This  is  most  easily  done  by  pouring  a 
small  quantity  of  water  into  the  cell,  and  seeing  whether  it  lies 
evenly  over  the  bottom.  Put  four  stoneware  blocks,  each  ai>out 
li  inch  cube,  in  the  corners  of  the  tray,  on  the  top  of  the  copper 
sheet,  and  put  ono  of  the  zinc  gratings  resting  with  its  foui-  corners 
on  these  props.  Put  a  solution  of  sulphate  of  zinc  of  8pecifi,o 
gravity  about  1"1  into  the  tray,!  pouring  in  first   between  the 


I 


*  Preea  the  paper  BgaiDst  tlie  zinc  between  finger  and  tlminb  on  each  side  of  the 
comer,  and  draw  the  bight  or  liend  of  the  paper  diagonallj  away  from  tho  corner  ; 
then  fold  the  bight  romid  the  vertical  comer  of  the  zinc,  and  press  it  against  the 
flat  line  anrfaco  on  one  aide  or  other  of  the  comer.  Secure  with  sealing  wax  in 
tbe  bight,  and  where  ono  side  of  it  is  pressed  gainst  the  paper  on  the  Terticml  zinc 
anrface.  Then  tie  the  paper  ronod  carefully  with  cord  in  the  manner  described  in 
the  text. 

■f  This  solntion  may  ba  prepared  by  mixing  1  part  by  weight  of  the  salt  to  6 
parts  of  vaiea,  or  21b.  of  salt  to  1  gaUi 
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edgo  of  the  tray  and  the  parcliment  paper,  and  afterwards  filling 
up  to  the  level  of  the  top  of  the  zinc  grating  by  pouring  some  of 
the  solution  directly  on  the  zinc  over  the  paper.  See  that  the  top 
comers  of  the  zinc,  and  the  bottom  comers  of  the  tray  to  rest 
upon  it,  are  all  properly  tinned,  scraped  clean,  and  dry.  Place  a 
lead  tray  resting  with  its  four  comers  on  the  upper  projecting 
comers  of  the  zinc.  Place  four  stoneware  props  in  the  comers  of 
this  second  tray,  put  a  second  zinc  upon  them,  and  fill  with 
solution  as  before.  Proceed  thus  until  a  pile  of  firom  six  to  ten 
trays,  one  over  the  other,  is  made  and  filled  with  liquid.  Solder  a 
stout  copper  wire  to  one  of  the  comers  of  the  top  zinc,  to  serve  as 
au  electrode.  In  the  same  way  make  as  many  piles  as  are  required. 
Leave  a  space  at  least  one  foot  broad  between  each  pile  and  its 
neighbour.  Connect  the  piles  in  series,  the  top  zinc  of  one  pile 
to  the  lowest  lead  tray  of  the  next  one. 

The  crystals  of  sulphate  of  copper  to  be  used  should  be  broken 
into  small  pieces,  and  weighed  out  in  quantities  of  an  ounce  each. 
To  put  the  battery  in  action  drop  in  four  ounces  to  each  cell ;  one 
oimce  separetely  on  each  side,  distributing  it  as  equally  as  may 
be  along  the  space  between  \he  stoneware  props.  In  putting  in 
the  crystals  be  careful  not  to  let  any  fall  inside  the  parchment 
paper,  or  in  contact  with  the  zinc.  As  soon  as  the  sulphate  of 
copper  is  put  in,  the  battery  should  be  allowed  to  work,  either  on 
short  circuit  or  on  the  circuit  which  it  is  intended  for. 

From  three  to  six  cells  are  required  to  drive  the  mouse  mill. 
The  number  to  be  applied  to  the  magnets  M  M  varies  with  the 
circumstances  of  the  case ;  it  may  be  anything  from  one  to  twenty, 
or  even  more.  Separate  sets  of  cells  should  be  used  for  the 
magnets  and  for  the  mill.  If  the  same  set  is  used  for  both, — ^that 
is  to  say,  if  the  coils  of  the  magnets  are  to  be  looked  on  as  a  shunt 
applied  to  the  battery  which  is  driving  the  miU  (or  vice  versa)^ 
then  the  whole  number  of  cells  in  use  should  be  applied  to  each 
circuit  The  practice  of  using  part  of  the  battery  employed  to 
work  the  magnets  to  work  the  mill  also  is  very  objectionable.  A 
wire  from  the  zinc  pole  of  the  pile  or  piles  intended  for  the 
magnets  comes  to  the  terminal  Uj  (fig.  2)  from  the  copper  pole  to 
U3,  and  a  wire  from  an  intermediate  tray  in  the  series  to  U^. 
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This  gives  the   means  of  applying  full   or   intermediate   battery 
power  to  the  magnets  by  means  of  the  Bivit<?h  V. 

§  8.  Maintenance  of  the  Battebibs. — When  tlie  tray  cells 
are  in  use  the  sulphate  of  copper  is  decomposed,  copper  is  deposited 
on  the  copper  plate,  and  the  zine  plate  is  consumed ;  solpbate 
of  zinc  is  fonned,  wliich  strengthens  the  solution  at  the  top  of 
the  cells}  it  is  therefore  necessary  to  supply  more  crystals  of 
sulphate  of  cojiper,  and  also  to  draw  off  the  sulphate  of  zinc  solution 
from  the  top  of  the  cell  when  it  becomes  too  dense,  and  to  supply 
its  place  with  fresh  water.  When  a  cell  is  in  constant  use  it  is 
desirable  to  draw  off  a  little  of  the  liquid  dally.  Tlie  drawing  off 
is  effected  by  means  of  a  siphon,  the  shorter  end  of  which  ia  dipped 
into  the  cell  betiveen  the  edge  of  the  tray  and  the  zinc  plate,  so  aa 
to  be  just  below  the  lowest  level  of  the  zinc,  while  the  longer  end 
stands  out  over  a  convenient  vessel  to  receive  the  liquid.  Water  is 
to  be  poured  into  the  space  above  the  zinc  grating  by  means  of  a 
funnel  ending  in  a  bent  tube.  The  s-pecific  gravity  should  be  fre- 
quently tested  by  a  hydrometer  or  by  specific  gravity  beads,  and 
tlie  quantity  drawn  off  should  he  regulated  bo  as  to  keep  the  specific 
gravity  of  the  liquid  (taken  from  near  the  surface  of  the  cell)  at 
about  1"24,  or  not  greater  than  1'3  and  not  less  than  1'12.  Fresh 
crystals  of  sulphate  of  copi^er  are  to  be  di'opped  in  along  the  four 
sides  of  the  cell,  one  ounce  at  a  time  along  each  side.  It  ia  easy 
to  see  when  fresh  sulphate  is  required  by  observing  when  the  blue 
colour  of  tho  liquid  at  the  bottom  of  the  cell  disappears.  When  ' 
cells  are  in  active  use  they  generally  require  new  sulphate  almost 
daily.  A  cell,  or  pile  of  cells,  should  never  be  left  out  of  use  for 
any  length  of  time  with  crystals  or  blue  solution  in  it;  before 
being  left  it  should  always  be  short-circuited  mitil  the  liquid 
becomes  clear  and  colourless.  If  sufficient  care  is  not  taken  to 
remove  tho  sulphate  of  zinc  solution  as  it  becomes  too  dense, 
crystals  of  sulphate  of  zinc  will  accumulate  round  the  edges  of  thq 

■  cell.  These  ought  to  be  scraped  off.  When  the  batteries  are  not 
I      properly  attended  to,  these  crystals  will  often  accumulate  in  such 

■  quantities  as  to  connect  the  zinc  tray  to  the  lead  casing,  and  so  to 
H  short-circuit  the  cell.  The  battery  should  bo  frequently  tested  in 
H     the  manner  described  farther  on  (§5  15,  16,  and  17). 


198  OBIGINAL  COMMUNICATIONS. 

§  9.  Adjustment  of  the  Mouse  Mill. — If  ihe  MM  does  not 
run  fast  enough. — Ist,  Alter  the  quadrant  slide  X  (fig.  2)  if  not 
already  on  the  stud  of  highest  speed ;  2nd,  Look  well  to  the  adjust- 
ment of  the  contact-breaking  spring  at  the  back ;  3rd,  See  that  the 
cups  are  well  supplied  with  oil  in  which  the  friction  rollers  work 
that  bear  the  ends  of  the  main  shaft ;  4th,  If  it  still  goes  too  slowly 
more  battery  power  must  be  employed. 

The  electro-magnetic  contact  breaker  at  the  back  consists  of  two 
platinum  points,  one  of  which  is  fixed,  whilst  the  other  is  carried 
up  and  down  by  a  steel  spring  which  is  raised  at  intervals  by  the 
cam.  If  these  platinum  points  are  separated  too  much,  the  electro- 
magnet  will  not  act  on  eaxsh  carrier  in  succession  so  long  a  time  as 
it  ought,  and  diminished  efficiency  is  the  result.  Again,  if  the 
points  remain  in  contact  too  long,  the  electro-magnet  will  continue 
to  act  on  each  carrier  after  it  has  passed  its  poles,  and  thus  tend 
powerftdly  to  retard  its  progress.  Hence  the  adjustment  of  this 
spring,  by  turning  the  screw  which  raises  or  depresses  ti^e  lower 
contact,  is  most  important ;  but  when  once  set  right  it  will  remain 
so  for  a  long  time. 

If  ihe  ink  is  insufficiently  electrified  when  the  mill  is  running 
properly,  and  generating  electricity — 1st,  Alter  the  distance  of  the 
rod  P  from  the  plate  0.  Generally  about  two  or  three  inches  is 
found  to  be  the  best  distance ;  but  this  depends  on  the  state  of  the 
atmosphere,  &c. ;  2nd,  See  that  the  insulation  is  nowhere  impaired 
by  dust.  If  the  silk  fibre  attached  to  the  siphon  has  any  dust  upon 
it,  a  camel's-hair  brush  or  feather  will  remove  it.  The  vulcanite 
rod  L,  in  particular,  must  be  kept  free  from  dust,  and  also  the 
metal  work  near  it.  It  is  sometimes  necessary  to  clean  the  vul- 
canite rod  L  by  washing  it  with  warm  water  and  a  little  soap,  and 
then  drying  it  carefdlly.*  The  paraffin  tube,  which  insulates  the 
rod  leading  from  the  insulated  inductor  to  the  rod  P,  will  also 
require  occasional  cleaning. 

TVhen  the  mouse  mill  fails  to  generate  electricity ^  although  other- 
wise running  well,  it  will  be  necessary — 1st,  To  take  ofi"  the  top 

*  When  other  means  of  getting  L  to  insulate  properly  fail,  it  should  be  painted 
with  yamish,  prepared  by  dissolving  sealing  in  warm  spirit.  This  varnish  should 
^e  laid  on  while  hot. 
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and  oarefdlly  romove  the  insulated  inductor,  and  see  that  its 
sulatJon  and  that  of  the  carriers  is  jierfect ;  2nd,  Make  sure  tliat 
the  four  springs  make  contact  properly  with  the  brass  pins  as  tliey 
come  round  in  Buecession.  Eveiy  provision  is  made  for  the  adjust- 
ment of  those  springs,  or  for  the  insertion  of  new  ones,  which  is 
easily  effected.  Several  sets  of  spare  electrostatic  springs,  and 
one  spare  electro -magnetic  contact-spring  for  the  driving  circuit 
are  sent  with  each  instrument ;  3rd,  Supply  the  drawer  F  with 
sulphuric  acid  by  pouring  a  few  drops  on  each  piece  of  pumice. 
The  strongest  commercial  sidphuric  acid  should  be  employed  for 
this  purpose,  and  should  be  prepared  by  boiling  it  for  half  an  hour 
in  a  Florence  flask  along  witli  a  little  sand  to  facilitate  ebullition, 
and  a  few  crystals  of  sulphate  of,  ammonia.  The  flask  should  be 
supported  by  a  retort  stand  over  a  spirit  lamp  or  other  convenient 
source  of  heat,  beneath  which  is  placed  a  pan  of  cold  aahoa  or  other 
arrangement  to  prevent  any  injury  being  done  in  case  the  flask 
breaks." 

If  too  much  electricity  is  generated,  the  siphon  will  not  mark 
well,  and  will  sometimes  vibrate  laterally  unleaa  some  irj  drawn 
off  by  a  pointer  in  connection  with  the  outside  of  the  ease  and 
directed  towards  the  rod  P.  If  the  instrument  is  no*,  provided  ' 
with  such  a  pointer  the  want  can  be  easily  supplied  by  attaching 
a  piece  of  wire  about  6  inches  long  to  the  screw  handle  of  the 
drawer  F.  The  lateral  vibration  of  the  siphon  may  be  further 
prevented  by  enclosing  the  paper  (while  running)  in  a  box  con- 
taining aqueous  vapour,  or  (when  necessary)  by  r.sing  prepared 
paper,  The  paper  may  be  prepared  by  soaking  it  in  a  solution  of 
t\vo  porta  of  nitrate  of  ammonia  in  100  parts  of  water,  and  then 
drying  and  re-rolling  it.  This  salt,  being  a  deliquescent,  keeps 
the  paper  slightly  damp  by  absorbing  moisture  from  the  atmos- 
phere, and  by  thus  increasing  the  conducting  power  of  the  paper, 
prevents  the  lateral  vibrations  of  the  siphon. 

If  sparks  are  seen  passing  between  the  inductors  and  carriers  at 

•  A  good  plan  of  keeping  the  mottiB  mill  dry,  in  a.  cold  nnd  damp  climate,  is  to 
take  out  tiie  drawer  F,  and  pnC  in  its  place  a  coit,  oi  bend  of  lead  tabe,  tlirongh 
which  a  cnrrent  of  hot  wrttci'  or  steam  is  kept  pivasing  from  a  small  tin  liniler,  krpt 
hot  hj  a  gas  jet  or  1>;  the  dome  ot  a  caiidlc. 
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any  place,  they  will  be  due  to  a  defect  in  the  coating  of  paraffin 
wax.  Such  defect  can  be  easily  repaired  by  a  little  hot  melted 
paraffin  laid  on  with  a  brush. 

If  sparks  are  seen  at  the  contact  of  the  revolving  cam  at  the 
back  and  the  spring  that  rests  on  it,  they  will  be  due  to  a  defect 
of  insulation  of  the  battery  wire  or  electro-magnet  coil,  which 
ought  to  be  remedied  without  delay. 

§  10.  Adjustment  op  the  Paper. — To  release  the  paper j  turn 
the  handle /in  a  direction  opposite  to  the  motion  of  the  hands  of 
a  watch.  Thus  the  roller  e  is  allowed  to  fall  about  an  eighth  of  an 
inch,  and  the  paper  is  quite  free,  so  that  it  may  be  slipped  out 
with  ease,  and,  though  the  driving  drum  d  revolves,  the  paper  is 
not  drawn  along.  2o  clutch  the  paper  against  the  driving  drum^ 
turn  the  handle/in  the  reverse  direction. 

To  regulate  the  distance  of  the  paper  from  the  point  of  the  siphon^ 
turn  the  milled  head  L 

To  bring  the  line  made  hy  the  siphon  to  the  middle  of  the  paper  ^ 
loosen  the  clamping-screw  H,  when  the  whole  paper  stage  G  Gr 
can  be  easily  moved  backwards  or  forwards  to  the  desired  position. 

To  make  tJie  paper  run  evenly  between  the  rollers  d  and  e,  turn 
the  small  screw  A,  which  will  either  elevate  or  depress  the  nearer 
end  of  the  roller  b  until  all  works  true. 

To  alter  the  speed  of  the  paper,  shift  the  band  in  front  from  one 
pulley  to  another.     If  necessary  alter  the  speed  of  the  mill. 

§  11.  Adjustment  of  the  Siphon  and  Signal  Coil. — A  large 
number  of  fine  glass  tubes  for  siphons  is  provided  with  each 
instrument.*  The  siphons  are  made  from  them  as  follows: — Take 
one  of  the  small  pieces  of  tube  and  present  it  to  the  heated 
atmosphere  surrounding  any  small  fiame,  such  as  that  of  a  match, 
in  a  convenient  position  to  allow  one  part  to  drop  by  its  own 

♦  Should  these  prepared  tuhes  not  be  at  hand,  they  can  he  easily  made  thus: — 
Take  a  piece  of  soft  glass  tube,  about  one  quarter  of  an  inch  in  diameter,  the 
thickness  of  its  wall  being  about  one-sixth  of  the  whole  diameter.  Soften  about 
one  inch  near  the  middle  in  an  ordinary  gas  flame,  or,  better  still,  oyer  a  Bunsen 
burner,  slowly  turning  it  round  the  whole  time.  When  sufficiently  softened,  remoye 
it  from  the  flame  and  pull  the  ends  apart  until  the  tube  is  so  drawn  out  that  it  is 
of  the  desired  diameter.  Break  the  fiuQ  tnb^  thus  produced  into  pieces  about  four 
inches  long. 
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freight  when  tJie  tube  softens.  The  tnbo  should 
3  brought  into  contact  witli  tho  lower,  not  the 
^iper,  edge  of  tJie  flame.  It  can  thus  be  bent 
into  the  proper  shape,  the  long  limb  being  about 
)  and  a  half  inches  in  length.  The  point 
I  should  be  bent  ao  as  to  make  an  angle  of  about 
130°  with  the  longer  limb.  Figure  7  shows  a 
properly  made  siphon,  dr^wn  to  full  size.  In 
making  the  siphon  care  must  be  taken  that 
the  bends  are  not  over-heated,  so  as  to  cause 
the  tube  to  collapse  and  diminish  its  bore. 
Any  narrowness  in  the  bore  at  the  bends  is 
easily  detected  by  filling  the  siphon  with  ink. 
When  an  ordinarily  fine  siphon  is  used,  the 
ends  may  be  broken  by  the  fingers  or  other- 
wise, so  as  to  be  of  tlie  proper  length.  On 
short  circuits,  where  groat  sensitiveness  la  not  ^' 

required,  a  thick  siphon  may  be  used,  and  the  ink  can  be  made  to 
run    well   without  electrification.     In  this  case  tho  point  of  tho 
siphon  should  be  nicked  with  a  glass-cutter's  knife,  when  it  will 
break  ofl"  flush.     It  may  then  bo  ground  parallel  to  the  paper  on  a 
I    small   corundum   grindstone,  and  welted   by  being   held   for  an 
Ejnstant  in  a  fiame,  so  as  to  produce  a  perfectly  smooth  point 
■     The  siphon  is  readily  secured  in  position,  on  the  aluminium 
'  cradle  which  caiTies  it,  by  a  little  beeswax. 

To  attach  or  remove  a  siphon,  raise  the  piece  m  m  (fig,  3)  which 
I  carries  the  siphon  bridge  i  i,  and  is  so  guided  by  the  curved  V 
groove  above  as  not  to  disturb  the  signal  coil.  When  the  siphon 
1  IB  clear  of  the  ink  bottle,  apply  a  hot  wire  to  the  back  of  the 
I  aluminium  cradle ;  this  will  melt  the  wax,  and  the  new  siphon  can 
I   it  onee  be  stuck  on  or  tlio  old  one  removed. 

H      To  adjust  ilt£  siphon  relatively  to  the  signal  coil. — 1st.  Tlie  signal 
P   Mil  must  hang  freely  and  evenly  about  the  soft  iron  magnetic 
I     inductor  s  a  (fig.  4),  and  must  not  touch  it  at  any  point. 
I       2nd.  All  the  fibres  must  he  sufficiently  strained. 
I       3rd.  The  normal  position  of  tho  siphon  must  be  vertical, 
I       To  effect  the  first  of  these  adjustmenw  the  coil   is  raised  or 
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lowered  by  turning  the  screw  r  with  a  square-pointed  key.  It  is 
moved  backwards,  forwards  to  the  right,  or  to  the  left,  by  easing 
the  screw  w^  shifting  as  desired,  and  then  reclamping. 

To  attain  the  second  of  the  above  conditions  in  ccmnection 
with  the  first,  the  three  screws  w,  y,  and  I  (figs.  1  and  3),  must  be 
manipulated. 

By  loosening  y  and  sliding  the  bridge  %  i  backwards  or  forwards, 
the  first  approximation  is  obtained.  Then  the  screws  n  and  I  must 
each  be  turned  so  that  the  steel  spring  connected  with  w,  and  the 
torsional  elasticity  of  the  wire  attached  to  Z,  may  re-act  on  each 
other,  so  as  to  make  the  signal  coil  hang  in  a  line  with  the  poles 
of  the  magnet. 

Lastly,  to  make  the  siphon  ha  g  vertically,  the  screw  j  will 
probably  require  to  be  undone,  the  bridge  i  i  slightly  shifted,  and 
another  touch  given  to  t  This  last  adjustment  is  the  only  one 
required  in  general  use. 

See  that  the  siphon  does  not  stick  on  account  of  the  shorter  end 
being  too  long,  and  touching  the  bottom  of  the  ink  box. 

The  most  suitable  ink  for  the  recorder  is  the  best  soluble  aniline 
blue.  Put  as  much  of  the  crystals  as  will  stand  on  the  small  blade 
of  a  pen  knife  into  a  3  or  4  6z.  bottle  of  water,  and  shake  them 
up,  and  you  will  immediately  have  a  perfectly  fluid  ink  of  a  deep 
blue  colour.  This  ink  is  superior  to  any  ordinary  kind,  because 
it  does  not  thicken  or  precipitate,  and,  in  the  form  of  crystals,  is 
far  more  portable. 

§  12.  General  Directions. — The  size  of  the  signals  may  be 
varied  by  means  of  the  shunt  attached  to  Tg  (fig.  2). 

The  sensitiveness  of  the  instrument  may  be  increased  in  several 
ways : — 

1st.  By  altering  the  contact-springs  of  the  electro-magnets. 
When  the  contact-springs  are  arranged  as  shown  in  figs.  1  and  2, 
the  magnet  coils  are  connected  up  in  series.  If  the  spring  Y^ 
be  shifted  over  to  the  stud  Z,  the  spring  Y3  remaining  disconnected, 
the  right  hand  coil  only  is  in  circuit.  This  gives  a  low  degree  of 
sensibility.  But  if,  when  Y^  is  connected  to  Z,  the  spring  Yg  be 
put  upon  the  stud  to  the  left  on  which  Y^  is  shown  as  resting  in 
fig.  2,  then  both  coils  are  in  circuit,  and  are  joined  up  in  multiple 
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are.  Except  with  a  battery  of  exceptionally  high  resistance,  the 
la^t  arrangement  is  the  most  sensitive  of  all  three.  Each  of  the 
coils  has  a  resistance  of  about  8  ohms ;  consequently,  when  the 
Bnt arrangement  is  adopted,  the  total  resistance  is  16  ohms;  with 
tiia  second  arrangement  8  ohms ;  and  with  the  third  arrangenient 
Jolmis. 

2nd.  The  aenaibili^  of  the  inBtrmneut  may  be  increased  by 
lowering  the  brige  m,  fig.  3  (by  loosening  the  clamp  y),  so  aa  to 
lengthen  the  distance  between  it  and  the  signal  coil. 

3rd.  By  using  light  weights.     The  only  limit  to  this  is  that  tho 

weights  must  be  sufBciently  heavy  to  bring  the  coil  (after  being 

^L  deflected)  back  to  its  normal  position  so  quickly  as  to  leave  no 

^B'leiiaible  interval  between  the  cessation  of  the   current  and   the 

^B  eorresponding  return  of  the  coil.     Since  the  first  introduction  of 

'     the  recorder  it  has  been  found  that  the  weights  may  be  much 

lightened.     Weights  of  seven-eighths  of  an  ounce  each  are  found 

to  give  sufficient  directive  force. 

4th,  The  sensibility  may  be  greatly  increased  by  bringing  the 
two  cords  by  which  the  weighta  hang  from  the  coil  close  together. 
The  closer  these  threads  are  to  one  another  the  less  will  be  the 
directive  force  on  the  coil,  and  the  greater  will  be  the  sensibility. 
A  good  plan  of  bringing  them  very  close  together  is  to  tie  a  thread 
round  them  just  below  their  points  of  attachment  to  the  coil. 
They  may  thus  be  brought  so  near  each  other  as  to  touch.  They 
should  then  be  brought  equally  close  to  one  another  where  they 
press  on  the  bridge  x,  so  that  they  may  hang  parallel  between  the 
coil  and  the  bridge.  This  mode  of  increasing  the  sensibility  of  the 
instrument  is  recommended  in  preference  to  the  3rd  method  given 
above,  because  when  the  weights  are  much  lightened  the  stability 
of  the  coil  is  lessened,  and  it  is  liable  to  be  affected  by  any  un- 
steadiness of  the  instrument  or  of  the  table ;  while  by  bringing 
together  the  suspended  cords  of  the  weights  the  directive  force 
may  bo  reduced  to  any  extent  without  taking  away  from  the 
lility  of  the  coil. 
5tli.  The  leverage  of  the  multiplier  u  can  be  increased  by 
■ering  the  point  of  attachment  of  the  fibi-e  leading  to  the  coil,  or 
raising  the  point  of  attachment  of  tlie  fibre  leading  to  the  siphon. 
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On  short  circuits  the  multiplier  u  can  be  dispensed  with,  and 
the  coil  connected  directly  to  the  siphon  by  a  single  fibre.  The 
multiplier  is  removed  by  taking  out  the  two  screws  (shown  in 
fig.  4,  just  below  w)  which  secure  the  frame  which  carries  the 
multipUer. 

When  the  instrument  is  to  be  out  of  use  for  (say)  some  hours, 
the  battery  should  be  disconnected  from  the  electro-magnets  by 
turning  the  switch  V.  The  mouse  mill  should  be  stopped  by 
turning  X  (fig.  2)  down  so  as  not  to  touch  any  of  the  studs.  The 
siphon  should  be  lifted  out  of  the  ink-bottle  by  raising  m  m,  and 
the  ink  should  bo  sucked  out  of  the  siphon  so  as  to  prevent  it  from 
drying  in  the  siphon  and  causing  it  to  clog.  When  the  siphon  is 
being  sucked  care  must  be  taken  not  to  strain  the  fibres. 

When  the  instrument  is  to  be  out  of  use  for  a  shorter  time,  the 
cord  which  drives  the  paper  drum  may  be  placed  on  the  pulley 
giving  the  lowest  speed,  so  as  to  waste  as  little  of  the  paper  as 
possible ;  or  the  paper  may  be  entirely  stopped  by  turning  the 
handle  /,  when  the  ink  from  the  siphon  will  accumulate  on  it  in 
a  large  drop.  The  mill  should  never  be  stopped  without  the  siphon 
being  raised  and  sucked. 

When  the  instrument  room  is  on  the  ground-floor,  a  brick  or 
stone  pillar  should  be  built  for  the  recorder  to  stand  upon.  The 
top  of  this  should  be  about  nine  inches  below  the  level  of  the  table. 
The  upper  part  of  the  recorder  then  projects  through  a  large  square 
hole  in  the  table.  This  arrangement  prevents  the  recorder  from 
being  shaken  by  any  movements  of  the  table,  and  it  brings  the  end 
of  the  siphon  down  to  a  convenient  level.  When  a  pillar  rising 
from  the  ground  cannot  be  used,  the  recorder  should  stand  on  a 
stout  bracket  projecting  from  a  wall  (not  a  partition)  at  the  same 
distance  below  the  level  of  the  table.  The  instrument  should  be 
placed  so  as  to  be  well  lighted  from  the  left. 

§  13.  Connections  for  Sending  and  Eeceiving. — In  order 
that  the  signals  sent  from  a  station  may  be  recorded  on  the  re- 
ceiving instrument  at  that  station,  it  is  necessary  to  send  a  portion 
of  the  current  through  the  coil  of  the  recorder  at  the  sending 
station.  The  portion  of  the  current  which  passes  through  the  coil 
of  the  recorder  at  the  sending  station  may  either  rejoin  the  re- 
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maliidei-  of  tlio  currcut  before  it  entei-a  the  cable,  or  may  bo  allowed 
to  go  to  earth  at  the  sending  station.  These  two  possible  systems 
allow  of  the  adoption  of  either  of  two  arrangements  of  the  con- 
neetiona.  There  aro  several  plana  by  which  each  of  these  two 
syatema  may  be  carried  out.  Fig.  8  shows  an  arrangement  of  the 
connectiona  in  which  no  portion  of  tlie  sending  current  goes  to 
eartii  at  the  sending  station, 

T„  Tj,  and  Tj,  are  the  three  terminals  on  the  left  hand  side  of 
the  reeorder.  On  the  uppermost  of  these  (Tg)  there  is  a  quadrant 
slide,  by  means  of  which  small  resistances,  varj'ing  from  8  ohms 
downwards,  can  be  insei'ted  between  Tg  and  T^.  Tj  and  T^  are 
connected  to  the  two  ends  of  the  signal  coil  S.  Attached  to  Tj  ia 
another  quadrant  slide,  by  means  of  which  resistances;  varying 
fern  500  ohms  upwai-ds,  can  be  inserted  between  Tj  and  T^,  bo  as 
to  form  a  shunt  to  the  coil.  When  the  sliding  piece  connected  to 
Tj  ia  not  in  contact  with  any  metallic  stud,  the  ordy  connection 
between  Tj  and  T^  is  that  given  by  the  coil  itself — in  other  words, 
tiie  coil  is  not  shunted  at  all.  T^  is  connected  to  the  cable  or  to 
tile  condensers,  if  any  are  used.  The  current  from  the  key  enters 
llie  recorder  at  the  sending  station  at  Tj  and  Tg  simultaneously. 
By  far  the  greater  part  reaches  To  by  way  of  Tg,  through  tlie  low 
wsistance  in  the  upjjer  quadi'ant  shde.  A  small  portion  reaches 
Tj  from  Tj,  passing  partly  through  the  signal  coil,  and  partly 
through  the  shunt  between  Tj  and  T^,  should  there  be  one.  The 
joint  resistance  between  Tj  and  T^  of  the  coil  and  shunt  is  very 
miich  greater  than  the  resistance  between  T^  and  T^,  and  honco 
only  a  very  small  portion  of  the  current  goes  to  T3  by  way  of  T^. 
Hence  only  a  Tery  small  portion  of  the  current  passes  through  the 
coil. 

The  switch  shown  in  fig.  1  consists  of  a  metallic  lever  moving 
about  a  horizontal  axis.  Its  centre  is  connected  to  Tj.  When  the 
switch  is  set  for  sending,  K  is  connected  to  8,  which  is  connected 
to  Tj;  therefore  the  key  is  connected  botli  to  T^  and  Tj,  as 
described  above.  To  set  the  switch  for  receiving,  the  handle  is 
raised.  Ti  is  thus  connected  to  earth,  and  S  is  left  Insulated. 
Then  the  current  from  the  distant  station  entering  tlie  recorder  at 
T3  can  find  no  outlet  by  way  of  Tg,  but  must  pass  from  Tg  to  T, 
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hrough  tlic   coil  and   sliuiit.      Tbe   contact-piece   D   allows  the 

^bJe  to  be  discbargcd  to  earth  during  tbe  movement  of  the  switch 

"send"  to  "receive."     Tbe  lever  onght  to  make  contact 

Jrith  D  before  it  brcaJis  contact  with  S,  so  that  the  cable  may  bo 

mi  sn  instant  connected  to  eai-th  thi'ough  no  other  resistance  than 

pile  very  small  one  between  T^  and  T,. 

It  will  be  seen  that  the  batteries  are  reversed  at  the  two  stations, 

Per,  wliat  amounts  to  the  same  thing,  the  positions  of  earth  and 

■  Jine  are  different  on  the  two  keys.     This  is  necessary  in  order  that 

w&e  sending  and  receiving  signals  may  be  recorded  in  tbe  same 

p  direction,  when  tbe  an'angement  shown  in  fig.  8  is  used, 

S  U.  Second  Method  of  Arrangikq  Conmectionb. — Tlie 
mothod  shown  in  fig.  8  wastes  none  of  the  current  at  the  sending 
station.  Tlie  portion  of  tlie  current  which  passes  throngU  the  coil 
at  tlie  sending  station  rejoins  the  main  body  at  Tg.  Fig.  9  shows 
an  arrangement  in  which  the  portion  of  the  current  which  records 
the  signals  at  the  sending  station  is  allowed  to  go  to  eartli.  At 
the  sending  end  the  contacts  numbered  2  and  3  are  made,  and 
No.  1  is  broken.  At  the  receiving  end  No.  1  is  made  and  Nob.  2 
&nd  3  broken.  The  current  from  the  key  enters  the  recorder 
fiitnaltaneously  at  1\  and  Tg,  which  are  therefore  at  the  same 
potential.  Between  Tj  and  the  earth  there  is  a  high  resistance — 
say  of  5,000  ohms — which,  however,  may  be  varied  to  suit 
'iifferent  cases.  Since  the  very  low  resistance  between  Tg  and  T^ 
JB  an  exceedingly  small  fraction  of  the  high  resistance  that  there 
is  between  Tj  and  earth,  Tg  will  be  at  a  potential  very  little  lower 
than  that  of  Tj,  But  T^  is  at  the  same  potential  as  Tj,  consequently 
Tj  is  at  a  potential  very  httle  lower  than  that  of  T^.  There  will 
therefore  be  a  feeble  current  from  T^  to  Tj  through  the  signal 
coil. 

To  receive,  the  contacts  Nos.  2  and  3  are  broken,  and  No,  1  is 
made.  T„  is  thus  put  in  direct  connection  with  the  earth,  and 
the  received  current  entci's  at  Tj,  passes  through  the  coil,  and  goes 
to  cai'th  at  Tg.  In  this  arrangement  the  received  and  sent  currents, 
when  of  the  same  name,  pass  thi'ough  tbe  signal  coil  in  tlie  same 
direction.  There  is,  therefore,  no  need  to  reverse  the  batteries  at 
the  two  ends  as  in  the  former  arrangement.     The  switch  must  1 
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BO  designed  that  when  it  is  turned  over  to  "  send,"  contact  No 
is  first  made,  then  No.  1  broken,  and  lastly,  No.  3  made ;  a 
wlien  turned  over  to  "  receive,"  No.  3  must  first  be  broken,  th 
No.  1  made,  and  lastly  No.  2  broken.  This  order  preserves  t 
coil  from  receiving  any  violent  shoe''  bv  the  discharge  of  I 
cable. 


Fig.  9 


The  sending  signals  recorded  by  moans  of  the  second  of  t 
above  arrangements  are  very  much  more  legible  than  those  o 
tained  by  the  first.  The  latter  are  much  more  abrupt  and  jeri 
This  is  especially  the  case  when  condensers  are  used,  or  when  t 
automatic  transmitter  is  employed  (see  §  40). 
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.  Tests  of  the  Batteeies. — The  tray  colla  ouglit  to  be  toated 

requently,  in  order  that  any  undue  rise  in  internal  resistance  or 

fifect  in  electi'omotive  force  in  any  one  of  them  may  bo  detected 

Jmd  remedied.     The  whole  pile  of  cells  in  circuit  shonold  first  he 

ested,  both  for  resistance  and  electromotive  force,  and  then  each 

ingle  ceil  should  be  tested.     If  tho  resistance  of  any  single  cell  is 

Biuch  greater  than  the  total  resistance  of  tho  pile  divided  by  the 

Tltunber  of  cells  in  the  pile,  or  if  the  electromotive  force  of  any 

single  cell  is  much  less  than  the  total  electromotive  force  divided 

hy  the  number  of  cells,  then  the  defective  coll  should  ho  at  ouce 

short  circuited  or  removed,   because  its   presence   in   the   circuit 

mterferes  with  the  efficiency  of  the  battery. 

The  testa  of  tho  battery  may  be  very  convciiiontly   made  by 

L  jneaua  of  a  mirror  galvanometer,  or  of  a  common  tangent  gal- 

^htanometer,  or  of  a  quadrant  electrometer.     The  wires  used  to  lead 

^Pfrom  the  battery  to  the  testing  table  sliould  be  thick,  so  as  to  liave 

I      noBensible  resistauce.     It  is  convenient  to  have  a  box  of  resistance 

coiis,  tho  amount  of  which  can  be  easily  varied.     A  coil  of  stout 

cotton  or  silk-covered  copper  wire,  having  a  known  resistance  of 

s  than  one-tenth  ohm,  and  not  more  than  one  ohm,  should 

■skobe  prepared;   this  should  be  mado  of  thick  wire  so  as  not  to 

get  much  heated  by  the  passage  of  a  current  dm'ing  the  test.     This 

|i«iil  (which  for  brevity  will  bo  called  die  "  battery  shunt  ")  should 

mm  provided  with  thick  flesible  electrodes,  so  as  to  be  suitable  for 

I  direct  application  to  each  cell. 

5  16.  To  FIND  THE  Resistance  of  a  Cell  or  Pile  of  Cells. — 

Make  a   circuit  consisting  of  the  cell,  the  (tangent  or  mirror) 

galvanometer,  and  a  high  resistance, — such  tliat  tho  resistance  of 

tlio  cell  itself  is   insignificant   compared  with   the  resistance   in 

^  the  circuit  external  to  the  cell.     If  the  galvanometer  has  a  high 

^bsaistance,  say  of  at  least  3,000  ohms,  it  is  unnecessary  to  insert 

^nny  additional  resistance,  for  the  resistance  of  the  galvanometer 

alone  will  then  be  such  that  the  circuit  will  fiilfil  the"eondition  of 

having  the  resistance  external  to  the  cell  immensely  greater  than 

the  resistance  in  the  cell  itself     Observe  the  deflection  given  by 

the  galvanometer,  and  let  it  be  called  D.     Next  shunt  the  cell,  by 

connecting  directly  to  its  two  terminals  the  terminals  oC  tlie  \ift.\Sji,\"^ 
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shunt  coil  mentioned  in  the  preceding  paragraph,  and  allow  the 
rest  of  the  circuit  to  remain  unchanged.  Observe  the  deflection 
now  obtained,  and  call  it  d.  If  we  call  the  resistance  of  the 
battery  shunt  S,  then  R,  the  resistance  of  the  cell,  will  be  found 
by  the  following  formula — 

a 
This  formula  holds  good  only,  when  the  resistance  external  to  the 
cell  is  very  great  compared  with  that  of  the  cell  itself.  It  is 
therefore  necessary,  when  the  external  resistance  is  that  of  the 
galyanometer  alone,  that  the  galvanometer  should  not  be  shunted — 
the  deflection  may  be  brought  within  reasonable  limits  by  applying 
strong  directing  magnets.  If,  however,  a  sufficient  extra  resistance 
be  put  into  the  circuit,  there  is  no  objection  to  the  use  of  a  shunt 
on  the  galvanometer.  It  should,  howeverj  be  borne  in  mind  that 
the  above  formula  is  never  more  than  approximately  true,  and  that 
it  is  more  and  more  nearly  true  the  nearer  the  ratio  of  the  external 
to  the  internal  resistance  approaches  to  infinity.  Hence  the  higher 
the  external  resistance  is  the  more  near  will  the  result  given  by 
this  formula  be  to  the  truth.  This  test  is  not  applicable  to  a  battery 
of  high  resistance,  but  it  is  by  far  the  best  test  for  tray  cells,  or 
even  for  some  of  the  more  ordinary  forms  of  batteries.  When  a 
quadrant  electrometer  can  be  used,  the  test  is  exceedingly  simple. 
Observe  D,  the  deflection  obtained  when  the  two  poles  of  the 
battery  are  connected  to  the  two  electrodes  of  the  electrometer. 
Next  observe  c?,  the  deflection  obtained  by  connecting  the  poles  of 
the  battery  to  the  electrometer,  the  battery  being  shunted  through 
the  coil  whose  resistance  is  S.     Then  as  before — 

a 
When  the  electrometer  is  used  this  formula  is  rigidly  accurate,* 
and  the  test  is  applicable  to  a  battery  of  any  resistance  what- 
ever. 

A  convenient  modification  of  this  test  is  to  use  a  box  of  adjust- 
able resistance  coils  as  the  battery  shunt,  and  so  alter  S  until  the 

*  Except  for  a  slight  change  in  the  electromotive  force  of  a  cell  daring  the  test, 
daa  to  polarization. 
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second  defloetiou  d  is  exactly  half  the  first  deflection  D.     Tbcu  It 
will  be  equal  to  S. 

In  observing  d  care  must  be  taken  not  to  allow  the  current  to 
run  through  the  shunt  coil  for  any  considerable  length  of  time,  as 
the  coil  beeomeB  rapidly  heated  and  bo  altera  in  resistance.  In 
order  that  the  rata  of  heating  should  be  as  small  as  possible,  the 
shunt  coil  should  be  made  of  thick  wh-e.  If  the  deflections  D  and 
d  are  so  nearly  equal  that  the  difference  between  them  is  small 
compared  with  either,  tlien  the  resistance  of  the  shunt  is  too  great, 
I  and  a  shunt  of  less  resistance  ought  to  be  used. 

The  resistance  of  the  tray  cells  depends,  of  course,  upon  their 
I  size.  They  have  seldom  less  internal  resiatance  than  O'l  ohm, 
I  and  should  never  have  moro  than  0-5  ohm.  It  is  very  impoi-taut 
I  that  sJl  the  cells  in  a  circuit  should  have  approximately  the  same 
I  resistance. 

5  17.  To  Test  the  Electeomotive  Foecb  of  the  Battebt. — 

y  The  electromotive  force  of  each  of  the  tray  cells  should  be  tested 

occasionally  by  comparing  it  with  the  electromotive  force  of  a 

'  standard  cell  of  a  constant  kind.     The  standard  cell  may  be  a 

Minotti's  or  any  other  form  of  Daniell's  element,  and  it  should  be 

set  apart  and  not  used  for  any  other  purpose  except  for  testing, 

so  that  its  electromotive  force  may  remain  fairly  constant.     The 

method  of  testing  is  as  follows  :  Join  up  the  battery  to  he  tested 

in  circuit  with  a  high  resistance  and  a  galvanometer,  and  note  the 

deflection  D,  just  as  in  the  previous  test.     If  the  resistance  of 

i  the  galvanometer  is  of  itself  so  great  that  the  resistance  of  the 

I  cell  is  insignificant  as  compared  with  it,  then  it  will  be  unnecessary 

I  to  introduce  any  other  resistance  into  the  circuit.     Next  substitute 

[  the  standard  cell  for  the  battery  to  be  tested,  keeping  the  rest  of 

e  circuit  unchanged,  and  note  the  deflection  D'  given  by  it.     In 

I  this  case  also  the  resistance  external  to  the  cell  should  be  ex> 

■«eedingly  large  as  compared  with  that  of  tlie  cell  itself.     Then 

EMF  of  battery  =  EMF  of  standard  cell  x  (— ) . 

I  this  way  the  electromotive  force  of  any  given  battefy  can  be 
i  in  terms  of  that  of  the  standard  cell,  and  it  is  not  neces- 
T  for  practical  purposes  to  know  what  the  electromotive  force 
f2 
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of  the  standard  cell  is  in  absolute  units,  so  long  as  it  can  be  relied 
on  to  remain  constant.  If  it  is  a  Darnell's  cell  in  good  condition 
its  electromotive  force  will  be  almost  exactly  one  volt. 

In  the  above  formula  it  is  assumed  that  the  resistances  both  of 
the  battery  to  be  tested  and  of  the  standard  cell  are  insignificant 
as  compared  with  the  other  resistances  in  the  circuit  which  remain 
unchanged  during  the  experiment  If,  however,  the  resistances  of 
the  battery  and  standard  cell  were  relatively  considerable,  the 
formula  would  require  to  be  modified  as  follows :  Let  B^  be  the 
sum  of  the  external  resistances  in  the  circuit,  which  is  the  same 
both  for  D  and  D'.  Let  r  be  the  resistance  of  the  battery  to  be 
tested  and  let  /  be  the  resistance  of  the  standard  cell.     Then 

EMF  of  battery  =  EMF  of  standard  cell  x   1  ^^  ^  '^\ 

If  the  quadrant  electrometer  is  used  the  test  becomes  exceedingly 
simple.  Let  the  deflection  D  be  observed  when  the  poles  of  the 
given  battery  are  applied  to  the  terminals  of  the  electrometer,  and 
let  the  deflection  D'  be  observed  when  the  standard  cell  is  applied, 
no  resistance  being  used  in  either  case.     Then 

EMF  of  battery  =  EMF  of  standard  cell  x  (— ,)  • 

If  the  electromotive  force  of  any  one  cell  is  observed  to  fall 
below  the  average,  or  much  below  that  of  a  Daniell's  cell  in  good 
condition,  the  cell  either  requires  to  be  refreshed  with  crystals  of 
sulphate  of  copper,  or  has  become  foul  by  the  deposit  of  copper 
upon  the  zinc  plate.  When  the  last  happens,  the  cell  should  be 
taken  down  and  cleaned.  When  only  one  cell  in  an  otherwise 
good  pile  becomes  foul,  and  it  is  desired  to  avoid  taking  down  the 
pile,  the  foul  cell  should  be  short-circuited,  and  so  put  out  of 
action. 


THOMSON  AND  JENKIN'S  AUTOMATIC  CUBB-SENDER. 


^m        THi 

I  THOMSON  AND  JENKLN'S  AUTOMATIC  CURB-SENDEE. 

^B  By  J.  A.  Ewmo. 

^M  (Communieated  by  Prof.  Fleeming  Jenkiji,  F.H,S.) 

^P    5  18.  The  object  of  the  automatic  curb-sender  is  to  dimimah 
~  the  retardation   of  Bignals  in   long  cables   caused   by   inductive 
embarrassment.     This  is  effected  by  making  each  signal  be  pro- 
duced, not  simply  by  one  current,  as  in  ordinary  sending,  but  by 
I  currents,  the  second  of  which  is  opposite  in  name  to  and  of 
Bomewhat  shorter  duration  than  the  iirst.     The  number  of  currents 
B  not  necessarily  limited  to  two,  but  for  the  present  purpose  it 
will  Bufiicd  to  consider  the  case  of  a  signal,  produced  by  two  cur- 
ite  only. 

I  19.  In  the  Proceedings  of  the  Boyal  Society  for  1855,  Sir 
IWilliam  Thomson  showed  how  the  efFect  at  tlie  distant  end  of  a 
leible,  caused  by  the  application  of  a  battery  at  one  end,  could  be 
Iculated  and  represented  graphically  in  what  is  called  the  "  curve 
•f  arrival."  After  contact  is  first  made  at  the  sending  end  between 
!  cable  and  one  pole  of  the  battery  (the  other  pole  being  to 
ih),  a  certaiji  interval  of  time  elapses  before  any  effect  is  felt 
i  the  distant  end.  This  interval  of  time  is  denoted  by  tho  letter 
«-*     After  the  interval  of  time  a  has  passed,  a  current  begins  to 

*  Sir  WUliam  Thomson  shows  that  the  tftloe  of  a  in  seconds  IB -^  log  f-jwhere 

k  BiTid  B  are  the  vtilnca  in  electrostatic  anits  of  the  rosietance  and  capacitj  per  mit 
ol  length,  and  I  ia  tho  length.  A  consideration  of  tho  dimensions  of  the  two 
systems  of   nnita   shows  that  tbo  formnla   remaipa  nnehanged  whan  k  and  e  are 

IKptessed  in  electromftgnclio  nnita.  Since  1  ohm  =  10"  electromagnetic  units  of 
JBSialancE,  and  1  microfarad  =  10  -  "  electromagnetic  nnits  of  capacity,  we  have 
Irtere  R  is  tho  resiatanco  per  knot  in  ohms,  C  tho  capacity  per  knot  in  microfarads, 
L^  :  the  length  in  knots.  Thus  a  in  seconds  ='000000028  RCP.  If  R'  and  C  be 
6e  total  resiatanue  and  capacity  respcetiTely,  a  =  -000000029  RTt'.  Por  the  Direct 
^it«d  Slates  Cable  of  1875  (2420  knots),  whose  total  resiatancH  ia  69S0  ohma,  and 
Mpncity  991  microfarads,  a  wonld  he  'BOB  seconds ;  for  the  artificial  cable  in  tho 
Phyiical  Laboratory  of  Glasgow  DniTeraity,  a  =  -Hi  seconds;  for  the  French 
Atlantic  Cable,  a  =  -2*5  seconds ;  for  the  Snez-Adeo  Cable,  a  =  233  seconds.  Sir 
ffilliwn  Thomson's  theoretical  rcanlta  were  eKperimentally  Terified  by  Professor 
Flecming  Jenkin  (PMlf  Trans.  1362).  For  fuller  information  on  the  speed  of  sig^ 
nailing,  see  JenVin's  Eleetrieity  and  Magnetiim,  pp.  327—333,  and  Phil  Mag., 
JBDB1S66. 
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issue  &om  the  cable  at  the  receiring  end,  and  IncreaBes  in  strength 
very  rapidly.  After  a  further  interval  of  ia  or  after  a  period  of 
5a  from  the  first  application  of  the  battery,  it  attains  about  half 
its  maximum  strength,  and  there  is  very  little  sensible  increase  in 
strength  after  a  time  equal  to  lOa  has  elapsed.  The  curve  of 
arrival  is  drawn  by  taking  distances  along  o  x  (fig.  10)  to  represent 
intervals  of  time,  and  distances  along  0  y  to  represent  strengths  of 


^-y 

■^ 

. 

/^ 

/ 

' 

^ 

■^ 

/ 

\ 

\ 

/ 

■. 

\ 

/ 

■. 

^^ 

/ 

^5 

y 

-■ — 



.a 

\ 

\ 

w 

_ 

r^  — 

\ 

\ 

.^ 

\ 

.1 

V 

L-- 

Fig.  10. 


current.  Curve  No.  I.  shows  the  gradual  increase  in  strength  of 
the  received  current  at  one  end  of  a  cable  when  the  battery  is 
applied  to  and  kept  in  contact  with  the  other  end.  For  a  distance 
corresponding  to  the  interval  of  time  a  the  curve  does  not  sensibly 
deviate  from  the  straight  line  ox;  in  other  words,  no  effect  is 
observable  at  the  receiving  end  during  this  time. 

If  now,  instead  of  being  continuously  applied  to  the  battery  at 
the  sending  end,  the  cable  had  been  applied  to  it  during  a  short 
interval  of  time,  and  then  disconnected  from  the  battery  and  con- 
nected to  earth,  the  curve  of  arrival  would  be  of  the  form  abown 
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by  curve  No.  II.*  Curve  No.  II.  shows  the  effect  of  Applying  tlie 
battery  during  a.  length  of  time  equal  to  4«,  and  then  putting  the 
cable  to  earth.  It  will  be  seen  that  a  eurrout  gradually  diminisliiiig 
lu  strength  continues  to  flow  out  of  the  cable  at  the  distant  end  for 
a  considerable  time  after  the  battery  has  been  disconnected.  This 
ooQtinued  discharge  is  wbat  gives  rise  to  the  difficulty  experienced 
in  reading  the  signals  sent  through  long  cables. 

§  20,  The  principle  of  "  curb  "  sending  is  to  check  this  disoharge 
by  sending  into  the  cable  a  second  current  which  will  neutralise 
the  tiad  effects  of  the  first.  Thus,  let  the  cable  insteatl  of  being 
put;  to  earth  after  having  been  in^  contact  with  one  pole  of  the 
battery  duruig  the  time  4a,  be  put  in  contact  with  the  opposite 
pie  of  the  same  battery  for  an  interval  of  time  equal  to  3a,  and 
tiien  be  put  to  earth.  The  second  contact  would,  if  it  had  taken 
place  alone,  have  produced  a  current  at  the  distant  end  represented 
by  Curve  No.  III.  The  joint  effect  of  the  two  opposite  currents — 
ttie  first  for  an  interval  of  time  4n,  and  tlie  second  immediately 
following  it,  and  lasting  for  an  interval  of  time  3a — will  be  to 
produce  a  received  current  represented  by  curve  No.  IV.,  whose 
t'^'dinates  are  the  algebraic  suras  of  the  ordiuates  of  II.  and  III. 
^ttrve  No,  IV.  thus  represents  tbe  curve  of  arrival  given  by  a 
_^gnal  Current  of  dm-ation  4a,  followed  by  an  opposite  or  curb 
rrent  of  duration  3a. 

5  21,  The  curve  of  arrival  for  any  current  or  combination  of 
Irrents  is  aefuaHy  traced  on  paper  by  tbe  siphon  recorder.  Since 
B^e  deflection  of  the  siphon  is  sensibly  proportional  to  the  strength 
T*>f  the  current  at  any  instant,  its  deflection  will  correspond  to  the 
I  distances  measured  in  the  direction  of  o  T,  and  since  the  paper 
I  Boyes  at  a  uniform  speed,  and  in  u  direction  at  right  angles  to  the 
I  the  direction  in  which  the  siphon  is  deflected,  the  distimces  it  runs 
I  Trill  measure  intervals  of  time,  and  will  correspond  to  distances 
I'measured  along  0  x.     Hence  the  curve  traced  by  the  point  of  the 


•  The  falling  corve  is  of  exactly  tho  same  form  as  the  cnrre  of  arriyal,  and  the 

Kictnal  cnrre,  ahowing  the  airiTal  of  an  impnlac,  ia  obtained  \>j  Buperposing  tho 

a  npon  the  other.    Thus  the  distftnces  between  con'es  I.  and  n.  are  equal  to  the 

orce  I.,  if  the  former  ore  taken  aa  far  from  the  point  A  as  tbe  latter 

ro  from  the  point  at  which  cnire  I.  leares  the  line  o  x. 
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siphon  will  represent  the  curve  of  arrival,  and  all  theoretical  con- 
siderations respecting  the  curve  of  arrival  will  apply  equally  to  the 
practical  form  of  the  curve  drawn  on  the  paper  slip. 

The  curve  of  arrival,  traced  according  to  the  considerations  in 
§  19  and  §  20,  is  the  ciu've  of  arrival  in  the  case  where  the  line  is 
worked  directly,  without  condensers  at  either  end.  The  effect  of 
introducing  condensers  is  to  convert  what  was  formerly  a  continuous 
current  into  an  impulse.  The  curve  produced  at  the  receiving  end 
by  the  application  and  continued  contact  of  a  battery  at  the  sending 
end,  would  no  longer  be  of  the  form  of  curve  I.  fig.  10,  but  would 
soon  reach  a  maximum,  after  which  it  would  fall  back  towards  the 
zero  line.     It  will  be  readily  seen  that  this  would  of  itself  cause 


Fig.  11. 


Fig.  12. 

something  of  a  curbing  effect  on  signals,  since  the  curve  due  to  a 
short  application  of  the  battery  would  now  come  faster  back  to  the 
zero  line  than  formerly.     This  effect  of  condensers  is  partly  the 
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reason  why  signals  are  so  niucb  simrper  and  more  legible  when 
coiideDBers  are  used  than  when  a  line  ia  worked  direct.  Of  course, 
tie  nppKcation  of  a  reversed  current  to  curb  the  signals  is  advan- 
ta^us  when  condensers  are  used  as  well  as  when  thoy  are  not. 

5  22,  The  advantage  of  curb  sending,  in  giving  a  sliarp  outline 
to  the  signals,  and  in  bringing  the  siphon  of  the  recorder  or  the  spot 
of  light  from  the  mirror  back  (wholly  or  partly)  to  zero  between 
saocessive  signals,  will  be  seen  by  a  comparison  of  figs.  11  and  12. 

Fig.  1 1  shows  the  theoretical  form  of  the  letter  H  (four  deflec- 
tions above  the  zero  line)  when  each  deflection  is  produced  by  a 
signal  current  of  a  duration  equal  to  ia,   followed  by  a  curb  (i.e., 


a  rerersed)  current  of  a  duration  equal  to  3o.     This  jjroportion  of 
curb  la  unnecessarily  large  for  so  low  a  speed,  as  ia  sho-^ro.  \i'^  'Oae. 
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fact  that  the  curve  is  brought  back  past  the  zero  line  between  the 
signals. 

Fig.  12  shows  the  form  of  the  same  letter,  sent  at  the  same 
speed  and  under  the  same  conditions,  except  that  the  signals  are 
uncurbed.  In  this  case  each  of  the  applications  of  the  battery 
lasts  for  a  time  equal  to  4a,  and  the  cable  is  put  to  earth  at  the 
sending  end  between  the  signals  for  a  time  equal  to  3a,  instead  of 
having  a  reversed  current  sent  into  it  during  that  time.  Thus  in 
both'  cases  the  total  interval  of  time  used  in  making  each  signal 
is  7a. 

§  23.  Such  a  speed  as  this  (one  signal  per  7a)  would  be  very 
slow  in  the  case  of  a  long  cable.  The  actual  rate  of  transatlantic 
signalling  is  about  one  signal  per  1  '5a.  At  this  speed  the  uncurbed 
curve  shown  in  fig.  12  becomes  indistinct,  and  the  successive 
impulses  are  barely  distinguishable.  The  curbed  signals,  on  the 
other  hand,  give  a  curb  somewhat  resembling  that  in  fig.  12, 
where  the  return  towards  the  centre  or  zero  line  between  the 
signals  is  only  partial,  and  not  complete,  as  in  fig.  11,  but  is 
immensely  greater  than  what  is  observed  when  uncurbed  signals 
are  sent  at  the  same  speed.  This  greater  degree  of  legibility  pro- 
duced by  curbing  enables  the  speed  to  be  increased.  Experiments 
with  the  artificial  cable  in  the  physical  laboratory  at  Glasgow 
appear  to  show  that  by  using  curbed  signals,  and  transmitting 
them  automatically,  as  high  a  speed  as  one  signal  per  a  can  easily 
be  attained  on  a  long  line.  In  other  words,  the  gain  in  speed  due 
to  the  use  of  the  automatic  curb  sender  appears  to  be  at  least  fifl;y 
per  cent. 

§  24.  In  order  that  curb  sending  should  be  successful,  it  is 
indispensable  that  the  contacts  which  give  rise  to  signal  and  curb 
currents  should  be  made  and  broken  at  perfectly  definite  instants ; 
in  other  words,  perfectly  correct  spacing  is  required.  It  has 
hitherto  been  found  to  be  impossible  to  obtain  this  by  the  use  of 
hand  keys,  but  it  is  possible  to  have  perfectly  correct  spacing  by 
the  aid  of  automatic  machinery. 

The  principle  on  which  the  automatic  curb-sender  works  is  as 
follows : — 

The  message  to  be  transmitted  is  punched  on  a  slip  of  paper  in 
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right  and  left;  holes  corresponding  to  the  dash  and  dot  of  the  tele- 
graphio  alphabet.  A  line  of  central  holes  is  also  punched  to  &cilitate 
the  drawing  along  of  the  paper.  The  punched  shp  is  put  into  the 
Bender,  and  carried  along  at  a  uniform  rate  by  clockwork.  When 
either  a  right  or  a  left  hole  passes  under  one  of  two  prickers,  the 
corresponding  prioker  descends  into  the  hole,  and  hy  doing  so  lifts 
the  end  of  a  spring  into  the  rim  of  a  wheel,  which  revolves  once 
doting  the  time  occupied  in  the  passage  of  one  space  in  the  punched 
paper.  The  spring  so  caught  remains  in  the  rim  of  the  wheel 
dnring  a  complete  revolution,  and  while  it  remains  there  makes 
an  electrical  connection  between  the  battery  and  another  set  of 
springs.  The  latter  set  are  acted  on  by  a  doable  cam,  which 
revolves  in  the  same  time  with  the  above-mentioned  wheel,  and 
by  the  contacts  made  during  its  revolution  sends .  first  the  current 


from  one  pole  of  the  battery,  and  then  that  fro'~" 
during  |a  somewhat  shorter  time,  into  the  o- 
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acted  on  by  the  pricker  on  the  left  hand  is  raised,  the  first 
current  is  that  from  the  copper  pole,  and  the  second  current  tliat 
from  the  zinc  pole ;  if  it  is  the  pricker  on  the  right  that  has  entered 
a  hole  in  the  paper,  the  sequence  of  currents  is  opposite  to  that 
just  given.  Thus  an  operation  of  reversal  of  currents  takes  place 
during  the  passage  of  every  space  in  the  paper,  but  whether  tho 
signal  current  is  to  be  "  copper  "  and  the  curb  current  "  zinc,"  or 
vice  versUf  is  determined  by  whether  the  pricker  has  fallen  into  a 
hole  on  the  left  side  of  the  paper  or  on  the  right 

Figs.  13,  14,  and  15,  which  are  engraved  from  photographs,  give 
three  general  views  of  the  instrument.  In  figs.  14  and  15,  the 
glass  case  and  the  standards  which  carry  it  have  been  removed, 
in  order  to  allow  the  works  to  be  better  seen. 

§  25.  The  Driving  Power. — The  motion  is  kept  up  by  the 
descent  of  a  weight,  which  has  occasionally  to  be  wound  up  by 
hand.  In  order  that  the  driving  power  may  continue  during  the 
time  taken  to  wind  up  the  weight,  the  power  is  communicated 
to  the  machinery  not  directly  from  the  drum  on  which  the  cord 
of  the  weight  is  wound,  but  indirectly  through  a  spring  which  is 
kept  in  a  partially  wound-up  state  during  the  descent  of  the 
weight,  and  which  gives  out  the  energy  so  stored  up  in  it  during 
the  time  that  the  weight  is  being  wound  up.  This  secures  an 
approximately  uniform  driving  power  even  during  the  winding 
up  of  the  weight. 

The  arrangement  will  be  understood  by  reference  to  fig.  16, 

The  axle  A  A'  which  carries  the  spring  box  S  and  the  drum  D 
on  which  the  cord  attached  to  the  weight  is  wound,  is  divided  at 
p  into  two  parts  capable  of  revolving  independently  of  one  another. 
A  ratchet  wheel  Bf  is  so  arranged  that  when  the  drum  D  is  turned 
by  means  of  the  handle  so  as  to  wind  up  the  weight,  the  part  A'  p 
moves  independently  of  A  p,  and  during  that  time  the  machinery 
is  driven  by  the  spring  in  S.  When  the  weight  descends,  however, 
causing  A'  p  to  revolve  in  the  opposite  direction  to  that  of  the 
winding  up,  the  ratchet  wheel  R'  no  longer  allows  the  motion  of 
A'  pto  take  place  alone,  but  makes  A  p  he  carried  round  with 
A'  p.  This  winds  up  the  spring  until  the  force  exerted  by  ft© 
tension  of  the  spring  exceeds  the  resistance  of  the  machinery  to 
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motioii.  When  this  happens  the  spring  box  S  also  revolves, 
driving  the  macliinery.  Thus  before  tlio  weight  can  begin  to 
produce  motion  of  tiio  machinery,  it  must  first  wind  up  the  spring 


Fig.  15. 

iu  S  to  a,  certain  extent,  and  tho  store  of  energy  thus  accumulated 
suffices  to  drive  the  machine  at  an  approximately  uniform  rate 
while  the  weight  is  being  wound  up.  A  second  ratchet  wheel  R 
prevents  the  spring  from  i-unning  down  without  ■  driving  the 
machinery  wliilo  the  weight  is  being  wound  np." 
§  26.  The  Govbbnok. — The  speed  of  the  machinery,  and  con- 
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sequently  the  speed  of  transmission  of  signals,  is  regulated  by 
means  of  a  friction  governor  (figs.  13  and  14.)     In  the  form  of 
governor  shown  there  is  a  vertical  revolving  spindle,  to  which 
motion  is  communicated  by  means  of  a  pair  of  bevel  wheels.     To 
the  spindle  is  fixed  a  cross  bar  t  (fig.  14),  from  each  end  of  which  a 
weight  w  hangs  by  flexible  springs.     As   the   spindle   revolves 
these  weights  are  carried  round  with  it,  and  their  centriAigal 
tendency   causes  them   to   press   against  the  inside  surface  of  a 
ring  or  cylindrical  box  V.      This  pressure   causes  friction,  and 
checks  the  motion  of  the  machine.     Tlie  centrifugal  tendency  of 
the  weights  is  resisted  by  a  couple  of  springs,  which*  pull  them 
inwards  towards  the  axis.     So  long  as  the  centrifugal  force  of 
the  revolving   weights   is   insufficient  to   overcome  the    tension 
of  the  springs  and  to  force  the  weights  against  the  ring,  the 
governor  does  not  oppose  the  motion  of  the  machinery,  which 
therefore  becomes  accelerated,  until  the  centrifugal  force  of  the 
weights  become  sufficient  to  bend  or  extend  the  springs  to  such  an 
extent  that  the  weights  rub  against  the  ring.     The  friction  so  pro- 
duced prevents  any  further  increase  of  speed  from  taking  place. 
If  now  the  tension  on  the  springs  be  by  any  means  increased,  the 


eim 


Fig.  16. 


amount  of  centrifugal  force  required  to  produce  the  distension 
necessary  to  allow  the  weights  to  press  against  the  ring  is  increased 
also.    Hence  the  speed  will  be  increased.     Similarly,  by  lessening 
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the  tension  on  the  springs,  the  amount  of  centrifugal  force  required 
to  distend  them  is  diminished,  and  the  speed  is  consequently  rc- 
-  dueed.  This  affords  a  means  of  altering  the  speed,  which  is 
effected  in  the  following  manner.  The  ends  of  the  springs  which 
tend  to  pull  in  the  weights  are  fixed  to  a  collar  u  which  slides  up 
and  down  on  the  spindle.  This  collar  is  connected  by  means  of 
levers  to  the  handle  T,  the  movement  of  which  causes  the  collar  to 
fifide  up  and  down.  When  the  collar  u  is  raised,  the  tension  on 
the  springs  is  increased,  and  therefore  the  speed  is  increased  also. 
When  the  collar  is  lowered,  the  tension  on  the  springs^  and  there- 
fore the  speed,  is  lessened. 

In  another  form  of  friction  governor,  the  motion  of  the 
machinery  is  communicated  to  the  vertical  spindle  by  means  of 
the  rolling  contact  of  two  di§cs  at  right  angles  to  one  another,  and 
the  whole  framework  of  the  governor  is  supported  by  means  of  a 
contrivance  called  a  geometrical  slide,*  which  enables  it  to  move 
Aeely  vertically  up  and  down,  but  in  no  other  direction.  The 
revolving  spindle  carries  the  weights,  as  in  the  former  case.  When 
the  firamework  is  moved  up,  the  horizontal  disc  attached  to  the 
revolving  spindle  of  the  governor  approaches  the  centre  of  the 
vertical  disc  attached  to  the  machinery.  Consequently  the  latter 
rotates  faster  relatively  to  the  former,  and  the  machinery  will 
revolve  very  fast  before  the  spindle  revolves  fast  enough  to  cause 
the  weights  to  press  outwards  against  the  ring.  In  this  form 
of  governor  the  tension  of  the  springs  which  hold  in  the  weights 
wkept  unchanged,  so  that  the  rate  of  revolution  of  the  spindle 
of  the  governor  remains  constant ;  but  the  rate  of  revolution  of 
the  machinery  relatively  to  that  of  the  spindle  is  changed  by  alter- 
ing the  height  of  the  whole  framework  of  the  governor.    This  is 


*  The  geometrical  slide  has  five  bearing  points,  each  of  which  is  free  to  move 

npon  the  surface  on  which  it  rests.    The  sixth  point,  which  keeps  the  framework  of 

the  governor  in  equilibrium,  is  the  point  in  which  the  vertical  disc  is  touched  by  the 

horizontal  disc.    This  mode  of  support  gives  rise  to  a  couple  tending  to  cause  the 

thole  framework  of  the  governor  to  revolve  about  a  horizontal  axis,  and  this  couple 

is  balanced  by  the  moment  of  the  pressure  between  the  two  discs  about  the  same 

am    Thus  the  pressure  between  the  discs  is  kept  at  a  constant  amount  for  all 

different  positions  into  which  the  framework  of  the  governor  may  be  brought  for 

djfoent  adjustments. 
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effected  by  means  of  a  suitable  handle  on  the  right  hand  side  of 
the  instrument.  In  this  form  of  governor  a  further  provision  is 
made  for  increasing  the  range  of  possible  speed,  by  altering  the 
tension  on  the  spiral  springs  which  hold  in  the  weights.  This  is 
done  by  means  of  screws  inside  the  governor,  and  attached  to  these 
spiral  springs. 

§  27.  The  Starting  and  Stopping  is  effected  by  means  of  the 
screw  Y,  fig.  14,  on  the  left-hand  side  of  the  instrument,  which, 
when  turned  in  the  direction  of  the  hands  of  a  watch,  advances  so 
that  its  end  presses  against  the  back  of  the  vertical  bevel  wheel, 
which  communicates  motion  to  the  governor.  This  jams  the  wheel, 
and  prevents  the  machinery  from  moving.  When  the  screw  is 
turned  through  about  half  a  turn  in  the  other  direction,  the  wheel 
is  freed,  and  the  machinery  in  free  to  run.- 

§  28.  The  revolution  of  the  machinery  effects  two  objects.  It 
carries  on  the  paper  by  means  of  a  toothed  roller  or  spur  wheel, 
working  into  a  central  row  of  holes  in  the  punched  paper,  and  it 
causes  a  spindle  to  rotate  on  which  cams  are  fixed,  which  make 
certain  electrical  contacts.  The  toothed  roller  which  carries  on 
the  paper  ribbon  has  sixty  teeth,  and  it  revolves  once  for  every 
sixty  revolutions  of  the  axle  which  carries  the  cams.  Hence  the 
cams  make  one  complete  revolution  for  every  space  in  the  paper. 
The  paper  has  the  message  punched  on  it  in  the  form  of  side  holes 
corresponding  to  the  dot  and  dash  of  the  alphabet,  with  a  con- 
tinuous row  of  central  holes  or  indentations  which  answer  the 
purpose  of  holes.  The  central  holes  or  indentations  are  required 
to  carry  the  paper  on ;  the  electrifical  effects  are  produced  by  the 
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Fig.  17. 

side  holes  only.  Fig.  17  shows  the  appearance  of  a  piece  of  the 
punched  paper  ribbon.  A  space  between  two  letters  is  formed 
by  one  central  hole,  and  a  space  between  two  words  by  two 
central  holes.  (The  spaces  may  also  be  made  in  another  way, 
see  §  31.) 


THOMSON  JlSD  JENKIH'S  AUTOMATIC  CUBB-SEHDEK.        226 

§  29.  Thb  Paper  Wheel,  or  toothed  roller  which  carries  along 
the  paper,  has  two  grooves  on  its  circumfereuce,  one  on  each  side 
of  the  central  row  of  spurs,  and  over  these 
the  side  holes  in  the  paper  pafis.     Fig.  18 
shows  a  front  elevation  of  the  paper  wheel. 
Above  the  grooves  stand  two  prickers,  one 
on  each  side,  which  descend  through  the 
side  holes  as  they  pass  under  them,  but 
which  cannot  descend  except  when  side  I 
holes  are  passing.     One  end  of  a  lever  is 
attached  to  each  pricker,  the  other  end  of 
which  lifts  up  a  small  steel  spring  when 

the  pricker  descends. 

In  fig.  19,  B  is  the  toothed  roUer  which 

carries  along  the  paper.     P  is  one  of  the 

prickers,  which  is  set  so  as  to  stand  over 


Fig.  18. 
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one  of  the  two  rows  of  side  end  holes.  Rigidly  attached  to  P,  and 
pivoted  at  A,  is  the  forked  lever  F,  upon  the  lower  end  of  which, 
i,  the  end  of  the  above-mentioned  spring  rests  (this  spring  is  not 
shown  in  fig.  19 ;  it  is  marked  a  in  fig.  20,  below);  the  other  end,  ky 
presses  up  against  the  rim  of  the  cam  G.  The  spring  j  tends  to 
force  P  down ;  but  the  rim  of  Gt  prevents  k  from  rising,  and  there- 
fore P  from  descending.  The  cam  wheel  0,  of  which  G  is  a  part, 
makes  one  complete  revolution  in  the  time  taken  by  the  paper  to 
move  on  through  one  space.  When  a  side  hole  in  the  paper 
passes  under  P,  P  woidd  descend  into  it  if  k  were  able  to 
rise.  As  the  cam  wheel  revolves,  a  recess,  m  n,  in  the  rim  of  G 
passes  over  k.  At  this  point,  k  is  free  to  rise.  Simultaneously 
an  opening  I  in  the  rim  of  0  passes  over  the  end  of  the  spring 
which  rests  on  i.  Then,  if  a  hole  in  the  paper  is  passing  under  P, 
P  descends,  i  rises,  and  lifts  the  end  of  the  spring  through  the 
opening  I  into  the  projecting  rim  of  the  wheel  0.  When  n  passes 
over  kj  k  is  depressed,  and  P  rises  out  of  the  hole  ill  the  paper. 
The  spring  a  (fig.  20)  remains  caught  in  the  rim  of  0  until  a 
revolution  is  completed,  when  the  opening  I  comes  round  again, 
and  allows  the  spring  to  fall  out.  By  this  time  the  series  of 
operations  which  makes  up  the  signal  is  completed.  The  cam 
wheel  has  two  sides  precisely  alike,  0  and  OVthe  one  coiTespond- 
ing  to  the  pricker  which  stands  over  the  dot  holes,  the  other  to  i}ie 
pricker  which  stands  over  the  dash  holes.  The  electrical  eflfects 
produced  by  the  raising  of  the  springs  by  means  of  the  descent  of 
the  prickers  will  be  described  further  on. 

In  order  that  either  pricker  should  descend  and  raise  its  cor- 
responding spring  into  the  rim  of  the  cam  wheel  0,  three 
conditions  must  be  fulfilled.  Isi  The  opening  I  in  the  rim  of 
0  must  be  over  the  end  of  the  spring  which  rests  on  i.  2nA 
The  recess  m  n  in  the  cam  G  must  be  over  the  end  of  the 
lever  k,  3rd.  A  hole  in  the  paper  must  be  passing  under  the 
pricker  in  question.  By  the  construction  of  the  machine,  the 
first  two  of  these  conditions  necessarily  happen  together ;  for  the 
cams  0  and  G  are  rigidly  fixed  relatively  to  one  another,  and  the 
opening  in  the  one  and  the  recess  in  the  other  pass  the  lowest 
point  at  the  same  time  in  the  revolution.     The  third  condition 
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most  be  made  to  happen  at  the  same  time  with  the  otber  two  by 
adjusting  the  cam  wheel  0  relatively  to  tlie  paper  wheel  B,  which 
18  done  by  turning  the  former  round  upon  its  axle,  aud  clamping 
it  in  any  desired  position.  When  the  inatrument  is  properly 
adjusted,  tbe  recess  m  w  will  pass  over  k  just  when  the  centre  of 
tine  of  the  side  holes  in  the  paper  is  paeaing  under  P.  Then  the 
r^desceut  of  the  pricker,  which  begins  whon  m  passes,  and  its  ascent, 
which  is  completed  when  n  paaacs,  will  both  take  place  during  the 
passage  of  a  hole  under  P,  and  the  pricker  will  not  touch  the  edges 
of  the  hole  either  in  falling  or  in  rising.  This  prevents  the  holes 
in  the  paper  from  becoming  torn  or  dragged  at  the  edges,  and 
its  of  the  same  slip  of  paper  being  used  many  times  over. 
5  30.  The  axle  which  carries  the  cam  wheel  0  is  shown  in  front 
ivation  in  fig.  20.  This  axle,  as  we  have  seen,  makes  one  corn- 
revolution  for  every  space  in  the  paper.  0  and  0'  are  the 
'0  sides  of  the  cam  wheel.  This  cam  wheel,  0  0',  is  called  the 
determining  cam.  The  two  sides  of  it  are  insulated  from  the  axle 
and  from  one  another  by  videanite.  a  and  a  are  the  two  springs 
"which  are  lifted  by  the  lower  ends  of  the  forked  levers  i  i'  into 
jtiie  rim  of  0  0'  through  the  openings  1 1'  when  the  correspond- 
priokera  descend  into  the  holes  in  the  paper.  Tlie  springs  a 
and   a'  carry  small   pointers  projecting  above   and  below,   and 
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Fig.  20. 

%ped  with  platinum.     When  a  dash,  or  riglit-hand  side  hole, 

passes,  the  spring  a  is  raised  into  the  rim  of  0,  and  remains  there 

during  a  complete  revolution,     Li  the  iigai'o  it  is  represented  as 

Q  2 
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being  held  up  in  this  position.  When  held  up  in  the  rim  of  0 
a  is  kept  in  contact  with  the  upper  contact  spring  dy  while  the 
spring  a'  remains  in  contact  with  the  lower  contact  spring  c. 
Similarly,  if  a  dot  hole  had  passed,  a  would  have  remained  down, 
and  in  contact  with  c ;  while  a'  would  have  been  caught  up,  and 
held  up  in  contact  with  d'.  So  long  as  no  hole  in  the  paper 
passes,  both  the  gprings  a  and  a'  remain  down  in  contact  with  the 
lower  contact  springs  c  and  c\ 

The  zinc  pole  of  the  battery  is  permanently  connected  to  the 
lower  contacts  c  and  c  ;  the  copper  pole  to  the  upper  contacts  d 
and  d' ;  when,  therefore,  a  dash  hole  passes,  copper  is  connected 
to  a,  and  zinc  to  a' ;  and  when  a  dot  hole  passes,  copper  is  con- 
nected to  a',  and  zinc  to  a. 

On    the    same    axle    with    the    determining    cam   wheel,    an< 
revolving  along  with  it,  are  two  other  cams — Y  and  I — call< 
respectively  the  signal  and  curb  cams.     They  are  insulated  froi 
one  another  by  a  disc  of  vulcanite,  and  are  insulated  from  th( 
axle   and  from   the   determining  cam  by  the  vulcanite  tube  J-- 
They  are  fixed  relatively  to   one   another   by  a  small  vulcanit^^^ 
screw.     Fig.  21  gives  a  side-view  of  the  signal  and  curb  cams..^  -• 
The  signal  cam   T  has  a  projecting  edge  extending  for  rathei 
more  than  half  the  circumference ;   the  curb  cam  I  has  a  pro- 
jecting edge  which  begins  where  the  projection  on  T  leaves  off, 
and  which  leaves  off  where  that  on  T  begins.     Underneath  thes€^^^ 
cams  are  the  springs  e  and  e  (fig.  20).     During  rather  more  thai 
half  the  revolution  the  projecting  edge  of  T  depresses  the  spring 

e,  an3  causes  it  to  make  contact  wil 
the  lower  contact  spring  /',  while 
the  spring  e  remains  up  and  in  con- 
tact with  the  upper  stud  g.  Whei 
the  projecting  edge  of  T  has  pass( 
e'  rises,  and  makes  contact  with  ^', -^^ 
while  simultaneously  the  projecting-^S 
edge  of  I  depresses  e,  and  holds  it  h 
contact  with  /  during  the  remaindei 
of  the  revolution.  Thus  during  rather' 
Fig.  21.  more   than  half  the  revolution,  e'  is 
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contact  with  /',  and  e  witli  g,  and  dnrmg  rather  less  tlian  half 

revolution  e  is  In  contact  with  /  and  e'  with  g'.    These  actions 

leud  simply  upon  the  revolution  of  the  axle,  and  are  not  affected 

the  punched  paper  or  by  the  positions  of  the  springs  a  and  a', 

lint  tlie  eleiitrieal  effects  which  tliese  actions  produce  do  depend 

upon  the  position  of  a  and  a',  and  are  therefore  determined  by  the 

holes  in  the  paper. 

§  31.  Electrical  Actios.— The  sping  a  is  permanently  in  con- 
nection with  the  lower  contact  springs  /  and/'.  Tlie  spring  a  is 
permanently  in  connection  with  the  upper  contact  studs  g  and  g'. 
The  spring  e'  is  permanently  connected  to  earth,  and  the  spring  e 
to  the  line.  Tiie  electrical  changes  which  take  place  during 
a  revolution  of  the  axle  will  be  understood  by  reference  to  the 
diagram,  fig.  22,  in  which  the  letters  refer  to  the  same  parts  as 
fig  20.  In  the  diagram  the  spring  a  is  represented  as  having 
T»en  raised  into  the  rim  of  the  determining  cam  by  the  descent  of 
tiie  right-hand  pricker  into  a  hole  in  the  paper.  At  the  instant 
that  a  rises,  the  projecting  rim  of  the  signal  cam  I'  comes  round 
ond  depresses  t\  Thus  the  copiwr  pole  of  the  battery  is  connected 
byway  of  rf,  a,f,  and  ^  to  eartit,  while  the  zinc  pole  ia  connected 
by  way  of  c'  a  g,  and  e  to  line ;  and  a  negative  current  enters  the 
cable  to  produce  the  "  dasii "  signal.  This  state  of  things  lasts  for 
ratW  more  tbau  half  the  revolution,  until  the  projecting  rim  of 
the  signal  cam  I'  has  passed  and  that  of  the  curb  cam  1  has  come 
roand-  Then  ^  rises  and  e  is  depressed,  no  change,  however, 
taking  place  in  the  position  of  n  and  a.  The  zinc  pole  is  now  con- 
nected by  way  of  c',  a',  <f,  and  e'  to  earth,  while  the  copper  pole  is 
connected  by  way  of  d,  a,  f,  and  e  to  line.  This  sends  a  positive 
enrrent  into  the  cable  to  produce  the  curb  to  the  "dash"  signal, 
which  lasts  as  long  as  the  .sjiring  e  is  depressed  by  the  curb  cam. 
The  joint  effect  of  the  two  currents  is,  as  we  have  already  seen 
(?  20),  to  produce  a  clearly  defined  "dash"  signal.  When  the 
f  evolution  is  completed,  a  falls  out  of  the  determining  cam  tlux)ugli 
the  opening  I,  and,  unless  another  signal  immediately  follows  that 
*hich  we  have  been  considering,  the  copper  pole  of  the  battery  is 
'lisoonnectcd  both  from  line  and  from  earth. 

If,  instend  of  a  dash  hole,  a  dot  bole  in  the  paper  had  passed, 
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£he  pricker  on  the  left  side  would  have  descended,  and  the  spring 
OL  would  have  been  raised  into  the  rim  of  C,  while  a  remined 


Fig.  22. 

down.  The  reversal  of  the  springs  «  and  ^  operated  on  by  the 
signal  and  curb  cams  would  have  gone  on  as  before.  Thus  durin| 
the  passage  of  Y  the  zinc  pole  of  the  battery  would  have  been  con- 
nected by  way  of  c,  a,/',  and  /  to  earth,  while  copper  would  hav< 
been  connected  by  way  of  d',  a',  g'  and  e  to  line.  Similarly^^ 
during  the  passage  of  I,  copper  would  have  been  connected  bj?"^ 

way  of  d!  a',  /,  and  e'  to  earth,  while  zinc  would  have  been  con- 

nected  by  way  of  c,  a,  /,  and  e  to  line,     There  would  thus  have 
been  a  positive  signal  current  followed  by  a  negative  curb  curreni 
of  shorter  duration,  the  joint  effect  of  which  would  have  been 
produce  a  "  dot"  signal. 

The  relative  lengths  of  the  signal  and  curb  currents  depend- 
upon  the  relative  lengths  of  the  projecting  rims  of  the  cams  l'^ 
and  I.*  Whether  the  longer  current  shall  be  positive  and  th^ 
shorter  negative,  or  vice  versa^  is  determined  by  the  position  of  th^ 
springs  a  or  a'  in  the  rim  of  the  wheel  0  0'  which  is  therefore 
called  the  determining  cam  wheel.  If  a  succession  of  holes  pass^e^ 
under  either  of  the  prickers,  the  corresponding  spring  is  held  up 
continuously  in  the  rim  of  the  determining  cam  wheel  until  all 

♦  With  regard  to  the  proportion  which  the  length  of  the  signal  cam  ought  to 
bear  to  that  of  the  curb  cam,  it  should  be  understood  that  the  greater  the  speed  of 
signalling  is  relatively  to  the  retardation,  or  value  of  a  (§  19),  for  any  cable,  the 
more  nearly  equal  should  the  signal  and  curb  cams  be.  If  the  speed  of  signalling 
on  different  cables  be  varied  so  as  to  be  the  same  relatively  to  a  for  each  cable,  the 
same  pair  of  cams  will  be  suitable  for  all. 
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lavG  passed,  because,  while  the  space  I  is  passing,  the  descent  of 
the  pricker  into  the  hole  causes  the  end  i  of  the  forked  lever  to  rise, 
and  so  prevents  the  spring  from  falling  out  of  the  rim.     If  a  dot 
Hipd  a  dash  hole  pass  simultaneously  under  tlio  prickers,  both  the 
^Pprings  a  and  a'  will  be  raised,  and  no  electrical  effects  will  be 
"^iroduced,  for  the  zinc  pole  of  tlie  batteiy  will  be  disconnected. 
Hence  two  side  holes  opposite  to  each  other  may  be  used  to  pro- 
dace  a  space,  instead  of  no  side  hole. 

5  32.  The  Contact  Plate. — The  several  contact  springs,  with 
their  contact  pieces  and  connections,  are  all  fixed  on  a  slab  of 
vulcanite  called  Hie  contact  plate  W  (figs  14  and  15).  The  con- 
it  plate  is  secui'ed  in  position  by  means  of  the  serow  H,  which 
luses  three  projecting  points  in  the  fi"amework  of  the  instrument 
press  against  a  bole,  a  V  groove  in  line  with  the  hole,  and  a 
le,  in  a  piece  of  metal  connected  to  the  contact  plate  (see  fig, 
').  This  mode  of  support  is  called  a  geometrical  clamp ;  it  has 
advantage,  that  the  plate  cannot  take  up  any  other  than  one 
certain  position,  and  a  single  screw  is  sufficient  to  keep  it  fixed. 

The  springs  c,  c',  d,  d',faDd/'  are  provided  witli  brass  guard 
liars  or  stops,  which  limit  their  range  of  motion,  and  prevent  them 
from  vibrating  when   the  instrument  is   running   fast,  or   from 
^jtieking  to  and  following  the  moving  springs  a,  a,  e,  and  e', 
^b  The  two  halves  of  the  determining  cam  are  insulated  from  one 
^■Ootber  and  from  the  axle  by  vulcanite.    Each  of  the  forked  levers 
^^tonnected  to  the  prickers  is  completely  insulated.     The  signal  and 
curb  cams  are  also  insulated  from  one  another  and  from  the  axlo 
—hence  no  electrical  contacts  take  place  except  those  which  have 
Wn  considered.     The  mode  in  which  the  signal,  curb,  and  deter- 
mining cams  are  fixed  to  the  axle  will  be  understood  by  reference 
'"'  fig.  20.     J  is  a  vulcanite  tube  to  which  the  determining  cam 
OC  is  rigidly  fixed.    The  brass  screw  K  on  tJie  right  of  the  deter- 
mining cam  clamps  it  and  the  tube  J  on  to  the  axle  by  jamming 
tliem  against  the  shoulder  M,     The  i-ulcanite  screw  Q  on  the  left 
"f  the  signal  cam  clamps  it  and  the  curb  cam  on  to  tliis  tube,  and 
therefore  to  the  axle  also. 

§  33.   Single  and  Double  Curb. — In  the  foregoing  description 
"f  the  electrical  action,  it  has  been  assumed  that  the  spring  e'  was 
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depressed  by  the  signal  cam  at  the  same  instant  that  the  spring  a 
or  a'  rose  into  the  rim  of  the  determining  cam.  This  arrangement 
would  give  the  whole  of  the  signal  current  first,  followed  by  the 
whole  of  the  curb  current,  and  the  revolution  would  begin  with 
the  beginning  of  the  former,  and  end  with  the  end  of  the  latter. 
A  signal  may,  however,  be  produced  by  the  joint  action  of  more 
than  two  currents,  and  may  represent  the  resultant  effect  of  three 
or  any  number  of  currents  following  each  other  in  alternate  direc- 
tions, and  being  of  different  lengths. 

So  long,  however,  as  the  form  of  signal  and  curb  cams  described 
above  remains  unaltered,  there  are  only  two  other  combinations 
possible,  and  these  are  easily  obtained  by  changing  the  position  of 
the  signal  and  curb  cams  relatively  to  the  determining  cam. 

The  arrangement  which  has  hitherto  been  assumed  to  exist  is 
called  single  curb.  In  it  the  spring  e'  is  depressed  at  the  instant 
that  a  or  a'  rises,  and  the  beginning  of  the  passage  of  the  rim  of 
the  signal  cam  coincides  with  the  beginning  of  the  signal. 

If  the  signal  and  curb  cams  are  turned  round  on  the  axle  so  as 
to  be  slightly  in  advance  of  the  determining  cam,  it  is  evident  that 
when  either  a  or  a   rises,  the  spring  e'  will  already  have  been 
depressed  for  some  time,  and  the  first  current  sent  will  be  shorter 
than  formerly,  by  an  amount  represented  by  the  distance  through 
w^hich  the  cams  I  T  have  been  turned  forward.     The  second  or 
curb  signal  will,  however,  be  as  long  as  before,  for  the  spring  a  or 
a'  will  continue  up  during  the  whole  time  of  the  passage  of  the 
rim  of  the  curb  cam.     But  since  the  signal  and  curb  cams  are  in 
advance  of  the  determining  cam,  the  rim  of  the  curb  cam  will  all 
have  passed  before  the  spring  a  or  a'  has  fallen  out  of  the  rim  of 
the  determining  cam.     Hence,  before  the  signal  is  ended,  the  rim 
of  the  signal  cam  again  depresses  the  spring  e^  and  sends  a  current 
into  the  cable  of  the  same  name  as  that  first  sent.     This  is,  how- 
ever, of  short  duration,  for  as  soon  as  that  fraction  of  the  signal 
cam's  rim  has  passed  which  represents  the  distance  by  which  the 
signal  and  curb  cams  are  in  advance  of  the  determining  cam,  the 
revolution  will  be  complete,  the  spring  a  or  a'  will  drop  out  of  the 
rim  of  the  latter,  and  no  farther  contacts  will  occur  in  that  signal. 
There  will  thus  have  been  three  currents  produced,  the  first  and 
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third  being  of  the  same  name,  and  the  second  of  the  opposite 
name.     The  second  curbs  the  fii'st,  and  the  third  curbs  the  surplus 
curbing  effect  of  the  second  on  the  first.     Of  course  the  sum  of 
the  first  and  third  bears  the  same  relation  to  the  second  as  the 
length  of  the  signal  cam  bears  to  the  length  of  the  curb  cam. 
This  arrangement  is  called  double  curb.     Fig.  23  shows  the  theo- 
retical form  of  the  letter  E  sent  with  double  curb,  tlie  first  current 
being  of  a  duration  equal  to  3a,  the  second  of  an  equal  duration, 
and  the  third  of  a  duration  equal  to  la,  the  total  time  being  7a,  as 
in  the  examples  previously  given.   The  fiiU  line  IV.  is  the  resultant 
signal,  of  which  the  dotted  lines  I.,  11. ,  and  III.  are  the  compo- 
nents. 


«-x 


Fig.  23. 


§  34.  Preparatory  Curb. — If  the  signal  and  curb  cams  are 
tarned  back  so  as  to  be  slightly  behind  the  determining  cam,  then 
when  a  or  a'  rises,  e  is  already  depressed,  and  continues  so  for  a 
short  time,  and  thus  a  short  curb  current  is  sent  first,  then  the 
whole  of  the  signal  current  follows,  and  lastly  the  remainder  of 
Ae  curb.  This  arrangement  is  called  preparatory  curb.  Fig.  24 
shows  the  theoretical  form  of  the  letter  E  given  by  it.  The  period 
of  the  preliminary  curb  current  is  la,  that  of  the  signal  current 
^«,  and  that  of  the  second  curb  2a,  the  total  period  being  la  as 
hefore. 

§  35. — We  are  thus  able  with  a  given  pair  of  signal  and  curb 
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cams  to  produce  three  different  arrangements  of  the  currents  whiclm. 
go  to  make  up  a  signal.     A  perfectly  curbed  signal — ^ihat  is  tc^ 


Fig.  24. 

say,  a  signal  in  which  the  curve  of  arrival  comes  rapidly  down  to 
the  zero  line,  and  never  crosses  or  leaves  it— could  only  be  pro- 
duced by  using  an  infinite  series  of  curbing  currents  alternate  in 
direction,  and  each  somewhat  shorter  than  its  predecessor.  Of 
course  such  an  arrangement  is  practically  impossible.  When  the 
curbing  is  necessarily  imperfect,  as  it  always  is  in  practice,  it 
appears  that  the  arrangement  described  above  as  single  curb  is 
the  best  of  the  three.  This  is  a  question  which  will  best  be  decided 
by  actual  trial.  It  appears  likely,  however  (independently  of  any 
consideration  of  the  form  of  the  curve  of  arrival),  that  the  best 
means  to  produce  a  sharply-defined  signal  would  be  to  make  use 
of  the  single  curb  arrangement,  thereby  bringing,  in  the  first 
place,  the  maximum  influence  at  command  to  bear  upon  the  indi- 
cator (the  needle  or  coil,  as  the  case  may  be)  to  deflect  it,  and 
then,  in  the  second  place,  the  maximum  influence  at  command  to 
cause  it  to  return  to  its  normal  position — always  provided  that 
within  the  limits  of  a  single  signal  the  second  influence  is  insuffi- 
cient to  cause  a  return  much  past  the  zero  position.  This  last 
condition  can  always  be  made  to  hold  good  by  limiting  the  length 
of  duration  of  the  curbing  current  relatively  to  the  speed  of  the 
signalling. 
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§  36.  Adjustjient  of  the  Contact   Piate, — To  put  in  the 
Contact  Plate. — Lift  off  the  top  of  the  case  and  remove  the  front 
glass  plate.     Introduce  a  piece  of  the  paper  ribhon.     Start  tlie 
machinery,  and  stop  it  when  a  piece  of  the  paper  in  which  there 
are  no  side  holes  punched  is  passing  under  the  prickers.     This  will 
cause  the  ends  i  {  of  the  forked  levers  to  lie  in  their  most  depressed 
position.     Then  slip  in  the  plate,  taking  care  tliat  the  springs  e  e' 
are  not  bent  by  being  preseed  against  the  aides  of  the  signal  and 
curb   earns,  and  that  the  ends  of  the  springs  a  a'  take  up  their 
proper  positions  on  the  top  of  the  lower  ends  i  i"  of  the  forked 
levers.     When  one  of  the  three  small  feet  on  the  side  of  the  frame- 
work enters  the  hole,  the  other  the  groove,  and  the  third  presses 
on  the  plane  surface  on  the  piece  of  metal  on  the  right  hand  side 
of  the  contact  plate,  the  plate  will  be  in  its  proper  position,  and  is 
to  he  secured  there  by  tightening  up  the  screw  H. 

In  removing  the  contact  plate  the  same  precautions  have  to  be 
olserved.  The  ends  i  i'  of  the  forked  levers  should  be  depressed 
V  iiaring  a  piece  of  unpunched  paper  under  the  prickers. 

The  platinized  eontacts  on  the  various  springs  should  be  cleaned 
frequently.  Tliey  must  bo  kept  free  from  all  traces  of  oil,  and 
should  be  frequently  dusted  with  a  camel's-hair  brush.  If  tlie 
contacts  made  are  defective  or  fail,  the  points  of  contact  should  be 
elemed  with  a  very  fine  file. 

Care  must  be  taken  that  when  the  springs  n,  a',  e,  or  e'  rise  or 
ftU,  they  do  not  make  contact  with  both  their  upper  and  their  lower 
contact  springs  simultaneously.  If  they  did  so  the  batteiy  would 
be  short-circuited  and  sparks  would  pass  which  would  biu-n  the 
contacts.  If  any  one  of  the  springs  a,  a',  e,  or  e'  is  observed,  when 
rising  or  falling,  to  make  one  contact  before  it  breaks  the  other, 
tie  guard  bars  which  limit  the  play  of  the  contact  springs  must  be 
gently  bent  until  this  no  longer  occurs.  Two  contact  plates  are 
provided  with  each  instrument.  When  the  instrument  is  in  cou- 
shint  use  the  contact  plates  should  be  changed  every  second  day, 
ind  the  one  not  in  use  should  be  carefully  cleaned  before  being 
replaced. 

I  S  37.  Adjustment    of  the    DETEEMiNiNa  Cam. —  Start  the 
me  with  a  piece  of  punched  slip  in  it,  and  stop  it  at  the  in- 
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stant  a  side  hole  is  passing  under  one  or  other  of  the  two  prickers. 
Then,  taking  hold  firmly  of  the  vulcanite  tube  J  (fig.  20),  loosen 
the  brass  screw  K  on  the  right.  Be  careful  not  to  apply  so  much 
force  as  to  bend  or  twist  the  axle.  The  cams  0  Cf  and  vulcanite 
tube  J  (as  well  as  the  cams  I  Y)  will  then  be  free  to  move  round 
on  the  axle.  Turn  them  round  until  the  centre  of  the  openings  1 1 
in  the  rim  of  the  determining  cam  wheel  are  just  over  the  springs 
a  a.  The  pricker  under  which  there  is  a  hole  in  the  paper  will 
then  be  able  to  descend  into  the  hole,  and  to  raise  its  corresponding 
spring  into  the  rim  of  the  determining  cam.  The  centre  of  the 
hole  in  the  paper  should  just  be  passing  imder  the  pricker  at  the 
instant  that  the  centre  of  the  opening  I  is  passing  over  the  spring  a. 
When  the  cams  ai*e  turned  round  into  such  a  position  that  this 
happens,  secure  them  and  the  tube  J  in  that  position  by  screwing 
up  K. 

This  adjustment  is  of  the  utmost  importance.     When  signals 
fail,  the  cause  is  almost  always  bad  adjustment  of  the  determining" 
cam.     It  is  difficult  to  judge  by  eye  whether  the  pricker  is  exactly^ 
over  the  centre  of  the  hole  in  the  paper.     When  the  adjustments 
has  been  made,  turn  the  axle  slowly  round  by  hand  backwards 
and  forwards,  and  observe  whether  the  prickers  tear  either  the 
back  or  front  edges  of  the  holes.     If  the  adjustment  is  perfect,  they 
will  fall  into  and  rise  out  of  each  hole  when  the  axle  is  turned 
either  backwards  or  forwards  without  touching  the  paper  at  either 
edge  of  the  hole. 

§  38.  Adjustment  of  the  Signal  and  Curb  Cams. 

1^  For  Single  Curb. — Take  hold  of  the  vulcanite  tube  J  firmly 
with  the  right  hand,  and  loosen  the  screw  Q  with  the  left.  The 
signal  and  curb  cams  T  and  I  will  then  be  free  to  slip  round  upon 
the  tube  J.  Put  in  a  piece  of  punched  paper,  start  the  machine 
and  stop  it  just  when  one  of  the  prickers  is  descending  into  a 
hole,  and  is  raising  its  corresponding  spring  into  the  rim  of  the 
determining  cam.  Turn  the  signal  and  curb  cams  round  until  the 
projecting  edge  of  the  signal  cam  F  is  just  depressing  the  spring  e. 
Then  secure  the  cams  in  this  position  by  tightening  up  the  screw  Q. 
This  adjustment  is  perfect  when  the  depression  of  the  spring  e'  is 
ft-jractly  simultaneous  with  the  rise  of  the  spring  a  or  a\     The  axle 
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should  be  allowed  to  revolve  very  slowly,  by  checking  its  motion 
with  the  hand,  so  that  it  may  be  seen  whether  this  adjustment  is 
right ;  and  if  not,  the  cams  I  and  Y  must  be  shifted  round  until  a 
state  of  perfect  adjustment  is  reached. 

2^  For  Double  Curb. — Adjust  as  above  for  single  curb,  and  then, 
loosening  the  screw  Q,  turn  the  cams  I  T  slightly  round  on  the 
axle,  moving  their  upper  sides  away  from  you  as  you  stand  in 
front  of  the  instrument.  In  other  words,  turn  the  cams  round  so 
as  to  be  slightly  in  advance  of  their  previous  position,  so  that  (say^ 
lialf  an  inch  of  the  projecting  rim  of  the  signal  cam  Y  has  already 
passed  over  the  spring  e'  before  the  spring  a  or  a'  rises  up  into  the 
opening  in  the  rim  of  the  determining  cam.  Secure  the  cams  in 
this  new  position  by  screwing  up  Q.  The  depression  of  e^,  which 
has  now  occurred  before  a  or  of  rises,  will  produce  the  second 
curb  of  the  previous  signal  Csee  §  33). 

3**.  For  Preparatory  Curb. — Adjust  as  above  for  single  curb,  and 

then,  loosening  the  screw  Q,  turns  the  cams  I Y  slightly  round  upon 

the  axle,  moving  their  upper  sides  towards  you  as  you  face  the 

instrument.     That  is,  turn  the  cams  round  so  as  to  be  slightly 

behind  their  position  when  adjusted  for  single  curb.     Then  tighten 

Tip  Q.     The  spring  e'  is  now  not  depressed  until  some  time  after 

the  spring  a  or  a'  has  risen,  but  the  spring  e  is  depressed  during 

that  time,  and  thus  a  short  curb  current  is  appUed  to  the  cable  at 

the  beginning  of  the  signal  (see  §  34).     The  distance  by  which  the 

cams  are  put  back  from  their  position  for  single  curb  should  not 

exceed  about  half  an  inch  measured  along  the  rim. 

§  39.  Speed  of  the  Machinery. — The  means  by  which  the 
speed  is  altered  have  been  described  already  (§  26).  In  the  first 
form  of  governor  there  mentioned,  which  is  the  one  shown  in 
figs.  13  and  14,  the  speed  is  altered  by  sliding  backwards  or  for- 
wards the  handle  T  (fig.  14),  which  has  the  effect  of  raising  or 
lowering  the  collar  u  on  the  spindle  of  the  governor.  This 
increases  or  diminishes  the  tension  on  the  springs,  which  pull  in 
the  weights  w  w.  When  the  tension  on  the  springs  is  increased, 
a  greater  speed  is  required  to  give  centrifugal  force  enough  to  the 
weights  to  cause  them  to  diverge  and  press  against  the  ring  or 
box  V.      It   is  not  until  they  press  against  the  box  that  they 
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cause  any  check  to  the  motion  of  the  machine,  but  as  soon  as 
they  do  press  against  the  box,  the  friction  so  produced  prevents 
any  further  increase  of  speed.  Hence  the  more  tension  there  is 
on  the  springs,  the  faster  will  the  machine  go. 

In  the  second  form,  the  tension  on  the  springs  which  prevent 
the  weights  from  diverging  is  not  altered  during  adjustment,  and 
consequently  the  maximiun  rate  of  revolution  of  the  governor 
remains  constant ;  but  the  whole  framework  of  the  governor  is 
moved  up  or  down  so  that  the  relative  rates  of  revolution  of  the 
machinery  and  of  the  governor  is  altered  (§  26).  In  this  form 
the  speed  can  be  still  farther  altered  by  varying  the  tension  on 
the  springs  which  hold  back  the  weights.  This  can  only  be  done, 
however,  when  the  machine  is  standing  still.  Care  must  be  taken 
that  both  weights  are  held  back  with  equal  force,  so  that  when 
they  are  caused  to  diverge  by  the  revolution  of  the  governor,  they 
may  both  touch  the  ring  at  the  same  time,  and  press  against  it 
equally. 

The  box  of  the  governor  must  be  kept  clear  of  dust  and  oil- 
The  weights  must  not  be  allowed  to  scrape  against  the  bottom  o"? 
the  box.  They  can  be  raised  by  loosening  the  screws  whicjl^ 
clamp  the  two  pieces  of  straight  spring  by  which  each  weight  i^ 
suspended.  These  screws  must  be  firmly  secured  before  tlB-^ 
machine  is  started. 

No  attempt  should  be  made  to  vary  the  speed  of  the  machin.^ 
by  altering  the  driving  weights.  A  weight  of  about  14  lbs.  wi  JJ 
generally  be  found  to  do  well. 

All  the  bearings  of  the  axles  must  be  kept  well  oiled.     If  th^ 
bearings  are  too  tight,    they  may  be  loosened  by  means  of  th^ 
bearing  screws  q  ((  (fig.  20).     After  loosening  the  nuts  p  p'  th^ 
screws  can  be  turned  either  out  or  in;  and  when   the  desire(i 
adjustment  is  arrived  at,  all  change  will  be  prevented  by  tightening 
up  p  and  p\     These  and  the  similar  screw  bearings  on  the  othei^ 
axles  also  afford  the  means  of  moving  any  one  of  the  axles  alon^ 
for  a  short  distance  in  the  direction  of  its  length. 

The  inner  cams  of  the  determining  cam  wheel  (G  and  G')  must  h0 
kept  well  oiledf  for  otherwise  the  friction  on  them  of  the  levers  ^ 
and  k'  (fig.  19)  will  check  the  running. 
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§  40, — Electrical  Connections. — The  battery  power  rehired 
for  the  automatic  sender  is  considerably  {i^eater  fbau  tliat  requlnd 
iu  working  by  baud,  not  only  becauso  tlio  curbing  reduces  tlie  size 
of  the  signals,  but  also  because  the  speed  of  sending  with  the  auto 
■  'is  much  greater  than  with  the  hand  key,  and  consequently  the 
I  maximum  deflection  of  the  coil  or  needle  at  the  receiving  end  is  a 
smaller  fraction  of  the  whole  possible  deflection. 

When  the  automatic  sender  is  used,  it  is  of  course  necessary  to 
provide  a  hand  key,  which  may  he  easily  tlirown  into  circuit ;  and 
for  the  reasons  just  given,  a  separate  battery  should  be  used  on  the 
band  key  of  a  much  smaller  number  of  cells  than  that  used  on  Iho 
auto.  No  rule  can  be  laid  down  as  to  the  amounts  of  battery 
power.  For  long  cables  it  will  probably  be  found  that  twice  as 
tnany  cells  ai-e  required  on  the  auto  as  on  the  hand  key. 
f  In  order  to  join  up  the  automatic  sender  in  circuit  with  the 
rder,  the  connections  shown  in  figs.  8  and  9,  have  one  or  other 


I  in  fig.  25  has 


of  tliem  to  be  set  up.     A  switeh  of  tlie  form  sho' 

next  to  be  provided.     By  means  of  the  lever 

kudlc  »f  this  switch,  the  termiual  C  can  bo 

connected   at  will  either  to  A  or  to  E,      The 

wire  which  leads  from  the  sending  key  to  the 

recorder  switch  has  then  to  be  disattached  from 

the  sending  key,  and  attached  instead  to  the 

terminal  C  of  this  second  switch.     Then  from 

S  a  wire  must  lead  to  the  hand  key,  which  is 

lo  bo  provided  with  a  suitable  sending  batterj-,  ^-  ^^■ 

Slid  from  A  te  the  terminal  marked  L  in  the  autematio  sender. 

The  terminal  E  of  the  auto  is  connected  to  earth,  and  the  terminals 

^  and  Z  of  the  aute  are  connected  to  the  copper  and  zmc  poles  of 

another  (and  larger)  sending  battery.     Then  by  simply  turning 

this  switeh  over  to  the  right  the  hand  key  will  be  tbi-owu  into 

circuit,  while  by  turning  it  to  the  left  the  auto  will  be  joined  up 

instead. 

The  arrangement  of  the  recorder  connections  shown  in  fig.  9  is 

the  most  suitable  for  use  with  the  automatic  sender.     The  auto- 

latic  signals  recorded  at  the  sending  station  when  that  arrange- 

t  ia  made  use  of  are  very  much  more  easily  read  than  they  are 
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when  the  system  shown  in  fig.  8  is  adopted.  In  the  latter  case  the 
curb,  or  second  and  reversed  part  of  the  signal,  comes  out  nearly 
or  quite  as  prominently  as  the  first  part  or  signal  proper.  Thus  the 
letter  e  will  appear  on  the  recorder  slip  at  the  sending  station  as 
two  deflections,  one  above  and  one  below  the  line,  almost  exactly 
equal  in  amplitude,  in  form  like  the  letter  a  on  the  receiving  slip, 
and  the  letter  a  on  the  sending  slip  will  appear  like  an  on  the 
receiving  slip.  This  makes  the  sent  signals  difficult  to  read ;  but 
no  such  difficulty  is  felt  when  the  part  of  the  current  which  records 
the  signals  at  the  sending  station  is  allowed  to  go  to  earth  there, 
as  it  is  in  the  arrangement  of  connections  shown  in  fig.  9.     (See 

§14.) 
§  41.  Failure  of  Signals. — If  complaints  are  made  that  signals 

sent  by  the  auto  occasionally  fail  to  be  recorded  at  the  receiving 

end,  that  dots  and  dashes  are  now  and  then  missed,  it  will  be 

necessary, — 

1st.  To  look  at  your  recorder  slip,  and  see  whether  the  signals 
which  are  reported  to  have  failed  at  the  other  end  appear  there. 
If  they  do,  then  the  fault  must  be  at  the  other  end,  but  if  they 
do  not 

2nd.  Read  your  perforated  slip,  and  see  whether  the  holes  cor- 
responding to  the  signals  which  have  failed  have  not  been  missed 
in  the  punching. 

3rd.  If  the  failures  are  still  not  accounted  for,  they  must  be  due 
to  the  imperfect  adjustment  of  the  auto,  or  to  bad  spacing  in  the 
punched  paper. 

Stop  the  machine  when  a  hole  is  passing  under  one  of  the 
prickers,  and  just  when  the  opening  I  in  the  rim  of  the  deter- 
mining cam  is  passing  over  the  springs.     If  now  the  pricker  is 
fairly  over  the  centre  of  the  hole  (see  §  37),  the  adjustment  is 
perfect  for  that  hole,  and,  if  the  spacing  of  the  holes  in  the  punched 
slip  is  regular,  the  adjustment  must  be  perfect  for  all  holes.     In 
some  of  the  forms  of  punchers  about  to  be  described,  the  spacing 
in  the  paper  must  be  perfect,  but  in  another  of  the  forms  it  is 
possible  that  the  side  holes  may  sometimes  vary  slightly  in  position 
relatively  to  the  centre  holes.     Suppose  that  one  of  the  side  holes 
is  slightly  behind  its  proper  position.     Then  at  the  instant  that 
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Ene  opening  I  is  passing  over  the  springs,  the  hole  in  the  papei* 
will  not  be  undev  the  pricker  as  it  shoiild  be,  and  consequently  the 
pricker  will  not  be  able  to  descend,  and  the  signal  will  be  missed. 
It  will  generally  be  found  possible  in  this  ease  to  avoid  having 
any  signals  missed  by  using  an  imperfect  adjustment  of  tlie  auto 
aa  follows : — Take  a  slip  of  tlio  badly  spaced  pa])er,  on  which 
Bome  words  which  you  know  are  pnuched,  and  run  it  through 
Uie  machine  very  slowly,  cheeking  the  revolution  by  liand. 
Watch  the  springs,  and  read  the  words  by  their  movements, 
and  notice  carefully  what  signals  fail.  See  whether  the  failui'es 
are  caused  by  the  corresponding  holes  being  behind  their  proper 
positions,  or  in  advance  of  their  proper  positions.  It'  you  find 
that  the  failures  are  due  to  the  former  cause,  then  loosen  the 
screw  K  (fig.  20)  and  turn  tlie  cams  slightly  backwards,  so  that 
wlien  a  properly  spaced  hole  is  passing,  the  pricker  may  descend, 
not  into  the  centre  of  it,  but  near  its  back  edge.  Then  when  one 
of  the  holes  passes  which  lias  been  punched  slightly  behind  its 
proper  position,  it  is  almost  certain  that  some  part  of  it, — probably 
a  part  near  the  forward  edge, — will  be  passing  under  the  pricker 
at  the  right  instant,  so  that  the  pricker  wOl  descend  and  the  signal 
M  transmitted.  Of  course  if  the  faulty  holes  had  been  in  advance 
of  their  proper  position,  it  would  have  been  necessary  to  turn  the 
Cams  ilightiy  forward. 

4th.  When  signals  are  reported  to  fail,   alUiough  the  prickers 
enter  the  corresponding  holes,  all  the  contact  springs,  ifcc.,  must 


A  good  plan  for  seeing  whether  the  prickers  are  entering  the 
holes  is  to  take  a  piece  of  the  punched  paper  and  smoke  it  over 
oy  drawing  it  through  the  flame  of  a  lamp  or  candle ;  then  run 
It  du-ough  the  machine.  Every  time  the  recess  m  n  in  the  cam 
G(fig.  19)  comes  round,  the  prickers  will  descend,  and  if  a  sohd 
part  of  the  paper  is  passing  under  them,  they  will  leave  marks  on 
the  smoked  paper  at  the  points  where  they  touch  it.  If  these 
mwks  are  seen  close  to  the  edge  of  the  side  hole,  the  prickers 
have  evidently  not  entered  the  holes,  and  the  adjustment  must  be 
ifced  to. 
S  42,  G-ENERAL  Directions. — When  tlie  outer  case  of  ^^  \.w- 
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strument  has  to  be  removed,  it  should  be  taken  oflF  bodily  by  taking 
out  the  screws  at  the  four  feet  z  z  z  z  (fig.  15.)  The  various  brass 
pieces  of  the  case  should  not  be  separated  from  one  another,  as  a 
difficulty  would  probably  be  experienced  in  putting  them  together 
again. 

If  it  is  desired  for  any  reason  to  remove  the  paper  trough  U 
(figs.  14  and  15),  or  the  prickers,  the  contact  plate  must  be  first 
removed ;  then  the  axle  which  carries  the  cams  should  always  be 
taken  ofi^.  This  is  done  by  taking  out  the  screw  r  (fig.  15),  which 
secures  a  standard  which  carries  the  bearings  for  the  right  hand 
end  of  the  axle.  When  the  screw  r  is  taken  out,  this  standard 
comes  off,  and  the  axle  is  thus  easily  removed  without  having  its 
bearings  interfered  with.  The  paper  trough  and  pickers  can  then 
be  removed  bodily  by  taking  out  the  screws  xyxy  on  the  right 
hand  side-plate  of  the  instrument,  which  secure  the  angle-pieces 
carrying  the  trough.  In  this  way  the  trough  and  prickers  can  be 
taken  off  together  without  any  of  the  small  screws  being  touched 
which  fix  together  the  supports  of  the  prickers. 

Care  must  be  taken  that  the  successive  turns  of  the  string  wound 
upon  the  driving  drum  D  do  not  overlap  each  other,  for  if  they  do 
they  are  liable  to  come  in  the  way  of  the  projecting  spurs  on  the 
toothed  wheel  which  carries  the  paper  along. 

The  string  which  suspends  the  driving  weight  must  hang  fireely? 
and  not  chafe  against  the  sides  of  the  hole  in  which  it  passes 
through  the  table. 

PUNCHES. 

§  43.  The  machines  for  perforating  the  paper  ribbon  used  in  the 
automatic  sender  are  of  several  forms.     One  puncher  is  adapted 
for  punching  side  holes  only,  and  the  paper  used  for  it  may  be 
prepared  beforehand  by  having  a  properly  spaced  row  of  central 
holes  punched  in  it.     This  puncher  has  three  finger  keys.     When 
any  one  of  the  three  keys  is  depressed,  the  paper  is  carried  along 
a  step.     When  the  central  key  is  depressed  nothing  further  hap- 
pens, but  when  either  of  the  side  keys  is  depressed  a  side  hole  is 
perforated  in  addition  to  the  paper  being  moved  forward.     It  is 
essential  that  the  paper  should  be  at  rest  when  the  punch  enters 
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it,  and  alioultl  eontinuo  at  rest  ao  long  as  the  ptincU  is  in  it.  Tho 
maahine  is  tlierefore  arranged  so  that  the  movement  of  the  \m[iec 
liappeus  earlr/  during  the  sh'oke  or  depression  of  the  key,  ant!  the 
punch  is  not  forced  tlirough  the  paper  until  the  end  of  the  stroke. 
Tlie  manner  in  which  this  is  efibct«d  wiU  be  readily  understood 
by  an  inspection  of  tlie  machine.  The  feed  motion,  by  whicli  the 
paper  is  carried  along,  may  not,  however,  be  so  readily  understood 
widiout  explanation.  The  paper  is  carried  along  by  the  revolution 
of  a  toothed  roller,  the  teeth  of  which  enter  tlie  previously  pre- 
pared central  holes.  On  the  same  axle  with  tins  toothed  roller  is 
sratehet  wheel,  having  the  same  number  of  teeth  as  there  are  in 

t roller,  so  that  the  paper  advances  one  space  when  the  ratchet 
m1  is  pushed  forward  ouo  tooth.  The  ratchet  wheel  is  caused 
advance  by  the  following  means : — The  depression  of  any  of 
tbe  three  keys  is  made,  by  means  of  a  spring,  to  communicate 
horizontal  motion  to  the  pivoted  end  of  a  long  horizontal  paul, 
tlie  other  end  of  which  gears  into  the  upper  side  of  the  ratchet  wheel. 
When  tho  key  is  depressed,  this  paul  is  pressed  along,  and  tho 
itciet  wheel  advances.  The  end  of  the  paul  whieh  gears  Into  it  is 
K  carried  upwards  as  well  as  along,  and  by  the  time  that  the 
liet  wheel  has  advanced  through  the  apace  corresponding  to  one 
wth,  the  end  of  the  paid  has  risen  so  far  that  tlic  back  of  the  paul 
preaaes  upwards  against  a  firm  stop  fixed  above  it.  This  prevents 
sny  fiirtlier  advance  of  the  ratchet  wheel  during  the  remaiuder  of 
tlie  stroke.  The  horizontal  pressure  on  tlie  pivoted  end  of  the 
paul  continues,  however,  and  consequently  the  ratchet  wheel  (and 
B  the  toothed  roller  and  the  paper)  is  held  firm  during  the 
int  of  the  punch.  When  the  key  is  allowed  to  rise,  tlie  hori- 
1  pressure  on  the  paul  ceases ;  it  is  pulled  backwards  by  a 
I  spring,  and  its  weight  causes  the  unpivoted  end  to  fall 
I  into  gear  with  the  next  tooth  of  tlie  ratohet  wheel.  The 
let  wheel,  is  prevented  from  following  the  horizontal  paul 
wards  by  a  second  paul  or  click, 

L  using  this  instrument,  it  is  not  essential  to  have  paper  in 
i  a  central  row  of  holes  has  previously  been  punched.  If  a 
tlip  of  plain  paper  be  used,  the  toothed  roller  will  make  a  series  of 
ientral  embyased  marks  or  mdentations,  which  will  be  fo\m.i.  \a 
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answer  the  purpose  of  central  holes  sufficienfly  well,  for  the  paper 
so  prepared  will  run  through  the  automatic  sender,  the  teeth  in  the 
spur  wheel  of  which  will  enter  the  successive  central  indentations 
in  the  paper.  It  will  be  found  necessary,  when  embossed  paper  is 
used,  to  apply  a  strong  retarding  force  to  the  paper  as  it  enters  the 
auto,  so  as  to  prevent  it  from  riding  on  the  top  of  the  spurs,  instead 
of  being  pierced  by  them.  This  retarding  force  is  easily  applied, 
in  exactly  the  same  way  as  it  is  applied  in  the  siphon  recorder,  by 
passing  the  paper  under  a  spring  guide,  the  pressure  of  which 
upon  the  paper  will  cause  friction  and  hold  back  the  paper. 
(See  a  fig.  1.) 

The  depression  of  the  keys  of  this  puncher  is  most  easily  e£Pected 
by  the  help  of  light  wooden  mallets,  on  the  end  of  which  india- 
rubber  is  fixed,  or,  better  still,  by  putting  fingerstalls  tipped  with 
india-rubber  over  two  fingers  of  each  hand.  Care  must  be  taken 
not  to  strike  a  sharp  or  violent  blow,  but  rather  to  make  the  blow  as 
much  like  a  shove  as  possible.  If  the  blow  be  too  sharp,  the  paper 
will  not  have  time  to  advance  through  a  complete  space  before  the 
punch  enters  it,  and  *a  misplaced  or  torn  hole  will  be  produced. 
Violent  blows  are  also  very  apt  to  break  the  springs  by  which  the 
feed  motion  is  worked.  To  avoid  breakage,  multiple  springs  are 
used  for  tho  dot  and  dash  keys.  If  the  single  spring  under  the 
centre  key  should  break,  it  is  not  necessary  to  interrupt  the  work 
to  put  on  a  new  spring,  for  the  spaces  may  be  made  by  depressing 
both  side  keys  simultaneously. 

The  bridge  which  forms  a  back  stop  for  the  keys  should  be 
adjusted  so  as  just  to  touch  the  backs  of  the  levers,  without  press- 
ing on  them,  when  they  are  in  their  raised  position. 

§  44. — ^The  Power-Puncher. — In  this  form  of  puncher  the 
heavy  work  is  done  by  power  stored  up  in  the  form  of  a  wound-np 
spring  or  raised  weight,  and  the  operator,  by  depressing  the  finger 
keys,  releases  a  detent,  and  so  allows  the  stored-up  power  to  take 
effect.  Hence  the  name,  in  which  the  prefix  "  power  "  has  the 
same  significance  as  it  has  in  the  term  "power-loom." 

In  the  power-puncher  there  are  three  finger  keys — for  the  dot, 
dash,  and  space.  When  any  one  of  these  is  depressed,  a  detent 
allows  one  tooth  of  an   escapement   wheel   to  pass.     There  are 
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twelve  teeth  on  the  wheel,  so  that  the  axle  which  carries  it 
revolves  through  one- twelfth  of  a  whole  revolution  for  every 
depression  of  a  key.  On  the  same  axle  is  fixed  a  cam  wheel 
called  the  paper  cam,  with  twelve  projections  on  it,  which  act 
(as  they  pass)  upon  one  end  of  a  lever,  the  other  end  of  which 
carries  forward  a  ratchet  wheel  tooth  by  tooth.  On  the  same  axle 
with  the  ratchet  wheel  is  a  toothed  roller  which  gears  into  the 
central  row  of  holes  in  the  paper.  The  paper  is  thus  moved  for- 
ward one  space  whenever  anyone  of  the  three  keys  is  depressed. 
The  projections  on  the  cam  are  so  designed  as  to  make  the  paper 
start  and  stop  slowly  at  each  movement,  so  as  to  secure  uniform 
spacing  at  different  speeds.  There  is  a  second  ratchet  wheel  fixed 
on  the  same  axle  with  the  one  just  mentioned,  into  which  a  paul 
is  made  to  gear  just  as  the  punch  is  entering  the  paper.  In  this 
way  the  paper  is  held  perfectly  steady  during  the  descent  of  the 
punches.  The  feed  motion  of  the  power-puncher  is  identical  with 
that  of  the  single  lever  puncher,  which  is  described  at  greater 
length  in  §  45. 

There  are  three  punches,  corresponding  to  the  centre  hole  and 
the  two  side  holes.  The  manner  in  which  they  are  forced  down 
into  the  paper  is  as  follows: — On  the  axle,  which  carries  the 
escapement  wheel  and  paper  cam,  there  is  a  second  cam  wheel 
fixed,  called  the  punching  cam,  on  whose  rim  there  are  twelve 
wedge-shaped  projections.  One  of  these  passes  over  the  central 
punch  and  depresses  it  every  time  that  the  axle  revolves  partially 
owing  to  the  depression  of  any  one  of  the  three  keys.  If  the  centre 
key  is  depressed,  then  nothing  occurs  except  the  release  of  the 
detent,  and  the  consequent  partial  revolution  of  the  axle,  which 
causes  the  paper  to  advance  one  space,  and  causes  one  central 
hole  to  be  punched.  Neither  of  the  side  punches  is  affected, 
because  they  are  somewhat  shorter  than  the  central  punch,  and  so 
allow  the  revolving  wedges  of  the  punching  cam  to  pass  without 
depressing  them.  But  if  one  of  the  side  keys  is  depressed,  a 
packing  piece  sh'des  in  over  the  top  of  the  corresponding  side 
punch,  and,  the  detent  being  released  as  before,  the  revolving 
wedge  of  the  punching  cam  cannot  now  pass  without  depressing 
both  the  centre  and  the  side  punch,  which  has  been  (so  t.o  r — ^-^ 
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lengthened  by  the  introduction  of  the  packing  piece.  K  both  side 
keys  are  simultaneously  depressed,  both  packing  pieces  are  slipped 
in  over  the  punches,  and  all  three  holes  are  punched.  The  eflfect 
of  this  would  be  (as  we  have  seen  in  §  31)  to  produce  a  space  in 
the  sending. 

The  spring  or  weight  has  to  be  wound  up  from  time  to 
time.  With  an  ordinary  Morse  spring,  the  power-puncher, 
will  punch  about  twenty  words  without  needing  to  be  wound  up 
afresh. 

Great  care  must  be  taken  to  keep  the  fingers  clear  of  the  keys 
which  are  intended  not  to  be  depressed,  otherwise  the  packing 
pieces  may  be  slipped  in  accidentally  and  false  signals  be  produced. 

The  best  way  to  put  in  the  paper  is  to  double  it  over  the  end  of 
a  piece  of  steel  spring  about  six  inches  long,  and  push  the  spring 
and  paper  in  together — care  being  taken  to  draw  back  the  spring 
before  beginning  to  punch. 

§  45.  The  Single  Lever  Puncher. — In  this  puncher  the  prin- 
ciple of  packing  pieces  is  used,  and  the  feed  motion  is  the  same  as 
that  of  the  power-puncher,  but  the  work  is  entirely  done  by  hand. 
There  is  a  long  horizontal  lever,  on  the  end  of  which  nearest  to 
the  operator  there  are  three  finger  keys.  When  any  one  of  these 
keys  is  depressed,  the  hear  end  of  the  lever  is  depressed  with  it. 
Fixed  to  the  lever  is  a  projection  A  (fig.  26),  with  a  cam-shaped 
surface,  and  as  the  lever  is  depressed  this  cam  slides  along  the 
surface  of  another  piece  B  in  contact  with  it,  and  gives  a  recipro- 
cating motion  to  B.  The  piece  B  actuates  the  feed  in  the  manner 
described  below.  When  the  centre  key  is  depressed  the  lever 
descends,  works  the  feed,  and  a  centre  hole  is  punched.  When 
either  of  the  two  side  keys  is  depressed,  a  packing  piece  slides  in 
over  the  top  of  the  corresponding  side  punch ;  then  the  lever 
descends,  works  the  feed,  and  punches  both  a  side  and  a  centre 
hole.  A  spiral  spring,  fixed  to  the  distant  end  of  the  lever,  pulls 
it  back  when  the  pressure  of  the  fingers  is  removed. 

The  feed  mechanism  shown  in  Fig.  26.  The  paper  is  carried 
along  by  a  toothed  roller  C,  whose  teeth  enter  the  centre  holes. 
This  roller  is  placed  immediately  behind  the  punches.  Fixed  on 
the  same  axle  as  the  roller  are  two  ratchet  wheels,  D  and  E,  whose 
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teeth  face  opposite  ways,     D  is  the  one  by  means  of  which  t 
paper  is  dra\yu  along;  Jhe  other  one,  E,  is  required  in  order  tl 


the  paper  may  be  held  so  as  to  be  perfectly  incapable  ot  moving 
during  the  time  that  the  punches  are  entering  and  leaving  it. 
During  the  early  part  of  the  descent  of  the  lever,  the  piece  B 
descends,  and  carries  with  it  a  spring  paul  F,  iised  on  the  side  of 
it  newest  to  the  centre  of  the  instruraont,  and  gearing  into  the 
Hpper  side  of  the  ratchet  wheel  D.  This  paul  pulls  the  ratchet 
wheel  round  one  tooth,  and  consequently  causes  the  paper  to 
uilvance  thi-ough  one  space.  When  the  advance  is  complete,  a 
click  Gf,  working  on  the  lower  side  of  the  same  ratchet  wheel,  fall'; 
into  gear,  and  so  prevents  the  wheel  from  turning  the  wrong  way 
during  the  backstroke.  Just  before  the  punch  or  punches  enter 
tile  paper,  a  paul  H  on  the  outer  side  comes  into  gear  with  the 
fatchet  wheel  E  on  its  lower  side.  This  paul  has  been  gradually 
rising  during  the  descent  of  the  lever,  but  it  only  comes  into  gear 
I'lleii  the  paper  is  just  about  to  be  punched.  It  remains  in  diu-ing 
the  whole  time  that  the  punch  or  punches  are  in  the  paper,  and 
'"sores  that  the  paper  does  not  move  during  that  time.     As  the 
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lever  is  allowed  to  rise,  this  paul  falls  out  of  gear ;  the  paul  P 
rises  so  as  to  catch  hold  of  the  next  succeeding  tooth  of  D,  while 
the  click  G  prevents  the  roller  from  turning  backwards.  The  paul 
H  is  actuated  by  a  pin  I  projecting  from  the  outer  side  of  B. 
There  is  a  spring  K  pressing  on  the  back  of  paul  H,  in  order  to 
disengage  it  from  the  ratchet  wheel  E  when  the  lever  rises.  There 
is  also  a  spring  L  pressing  on  the  back  of  B,  to  make  it  rise  when 
the  lever  rises.  The  two  springs  K  and  L  are  fastened  by  screws 
imder  the  sole-plate  of  the  instrument 

The  surface  of  the  cam  A  is  so  shaped  as  to  start  the  paper 
gradually,  and  also  so  as  not  to  bring  any  force  to  bear  upon  B 
during  the  actual  punching  of  the  paper.  The  feed  motion  is 
completely  over  before  the  punch  enters  the  paper. 

The  springs  and  pauls  for  the  feed  motion  are  usually  provided 
in  duplicate.     Before  attempting  to  take  the  machine  to  pieces, 
the  operator  ought  to   make  sure  that  he  understands  what  the 
conditions  of  perfect  working  are.     The  paul  F  must  begin  to  pull 
round  the  ratchet  D  the  instant  that  the  lever  begins  to  descend. 
It  must  cease  to  pull  as  soon  as  the  paper  has  advanced  one  space, 
and  before  the  punch  begins  to  enter  the  paper.     At  the  instant 
that  it  ceases  to  pull,  the  click  G  must  fall  into  gear,  and  at  the 
same   instant  the   paul  H  must  come  into  action.      During  the 
remainder  of  the  descent  of  the  lever,  no  force  must  be  brought  to 
bear  upon  B  by  the  cam  A,  although  A  continues  moving. 


ON  THE  USE  OF  A  SOFT   IRON  CORE   IN  SIR  WIL- 
LIAM  THOMSON'S  MIRROR  GALVANOMETERS. 

In  working  submarine  cables  it  is  a  standing  rule  to  use  th^ 
lowest  battery  power  possible  that  is  compatible  with  the  good 
working  of  the  line.  This  rule  becomes  of  great  importance  wheJ^ 
a  fault  makes  its  appearance.  Some  three  or  four  years  ago  Iwa^ 
engaged  in  working  a  long  cable — that  from  Singapore  to  Hong-^ 
kong,  which  I  believe  is,  electrically,  the  longest  in  the  world.  To 
obtain  signals  sufficiently  large,  with  a  moderate  battery  power,  eL 
very  sensitive  suspension  of  the  mirror  was  necessary.     This  wa^ 


ON  TnE  USE  OF  A  SOFT  mON  COUE, 


Iincoiiveuient,  as  the  needle  oscillated  considerably  and  was  a  long 
time  in  retnming  to  rest. 
It  occurred  to  me  tliat  if  the  effect  of  the  current  upon  the 
magnet  could  be  increased,  we  could  either  use  a  stiffer  suspen- 
sion, or  could  diminish  the  battery  power  used  on  the  line. 

To  effect  this,  I  introduced  a  rod  of  soft  iron  into  the  tube  in 
which  the  mirror  is  suspended,  and  found  that  the  result  fully 
answered  my  expectations.  With  the  same  suspension  of  the  mirror 
with  which  we  had  previously  used  ten  cells  (Minotti's)  I  obtained 
good  readable  signals  with  two.  The  contrivance,  however,  is  more 
useful  In  the  case  of  faulty  lines,  which  by  its  means  can  often  be 
■worked  with  a  moderate  battery  power,  when,  without  it,  a  Jarger 
number  of  cells  would  be  necessary,  thus  developing  the  faults 
more  rapidly,  and  probably  breaking  the  cable  down  entirely.  The 
soft  iron  also  acta  as  a  damper  and  checks  the  oscillations  of  the 
needle.  I  have  not  seen  this  idea  published  in  any  work  on  tele- 
graphy, and  as  it  has  been  adopted  over  the  whole  of  the  Eastern 
Extension  system,  where  the  mirror  galvanometers  are  still  used, 
and  has  proved  to  be  a  success,  it  may  be  useful  to  others  engaged 
in  submarine  telegraphy. 

Walter  Judd. 

SingBpora,  Jalj-  21st,  1876. 


THE  POROSITY  OF  DEFECTIVE  INSULATORS. 

Various  experiments  made  by  the  Indian  Telegraph  Department 
have  shown  that  when  an  insulator  is  electrically  worthless,  although 
perfect  as  far  as  the  eye  can  judge,  this  defect  is  caused  by  the 
existanee  of  extremely  fine  pores  extending  right  thi'ough  the 
porcelain,  and  ordinarily  containing  moisture.  It  is  of  the  utmost 
importance  that  all  such  defective  ones  should  be  eliminated  before 
"ny  batch  of  insulators  is  employed  in  the  construction  of  a  line, 
fo  do  this  all  the  insulators  are  placed  in  an  inverted  position  in 
filter  and  water  is  poured  into  the  porcelain  cups,  the  water  in 
Mch  ease  reaching  ia  within  a  short  distance  of  the  rims;  the 
blealBtanoe  from  the  water  inside  to  the  water  outside  the  porcelain 
ftp  is  then  measured. 
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Now  in  the  case  of  first-rate  insulators^  such  as  those  of  Messrs. 
Slionberg  of  Berlin,  the  resistance  of  even  the  bad  specimens,  that 
is  those  to  be  rejected,  is  often  very  great.  K  the  rim  of  a  good 
insulator  is  slightly  damp  it  will  appear  to  be  a  bad  one,  therefore 
the  rims  of  all  the  insulators  are  artificially  dried  before  the 
testing.  In  England  the  rims  are  dried  by  running  red  hot 
rollers  along  the  top  of  the  insulator  trough.  If  the  rollers  are  not 
hot  enough  or  not  kept  long  enough  over  the  trough  the  rims  are 
not  dried ;  if  too  hot,  or  allowed  to  remain  too  long,  the  water 
begins  to  evaporate,  and  on  removing  the  roller  there  is  frequently 
a  deposit  of  damp  on  the  rim  of  the  insulator.  All  this  renders 
quantitative  insulator  testing  a  tedious  operation. 

Now  it  occurred  to  us  that  it  might  be  possible  mechanically  to 
enlarge  the  pores  of  bad  insulators  so  as  to  diminish  their  resistance,, 
and  so  greatly  to  facilitate  their  detection.  We  selected  twc^ 
insulators  made  at  Hizen  in  the  south  of  Japan,  one  of  them  knowin. 
to  be  good  and  the  other  bad.  The  resistance  of  each  insulator  wa.s 
measured  before  and  after  each  of  the  following  processes  by  tb-© 
loss  of  charge  method,  using  a  Thomson's  Quadrant  Electrometer^ 
and  a  Condenser,  whose  capacity  was  one-third  of  a  farad,  th^ 
edge  of  the  porcelain  cups  being  in  each  case  very  carefully  dried - 

First.  The  poles  of  a  powerful  EuhmkorflTs  coil  were  attached  *^ 
the  outside  and  inside  of  each  insulator  in  succession,  and  tl^^ 
primary  current  from  a  Grove's  battery  kept  on  for  about  B^^ 
minutes,  the  hammer  of  the  coil  oscillating  so  as  to  make  and  bre^^ 
the  primary  current  with  great  rapidity  during  the  time.  1*1^^ 
good  insulator  was  unaffected,  but  the  resistance  of  the  bad  ot^^ 
was  reduced  to  less  than  one-half. 

Secondly.  Both  insulators  were  soaked  for  several  days  in  ^ 
saturated  solution  of  copper  sulphate,  then  taken  out  and  left  ^^ 
dry  so  as  to  allow  the  copper  sulphate,  by  crystallizing  in  the  por^^ 
of  the  bad  insulator,  to  enlarge  them ;  the  soaking  and  drying  we 
repeated,  and  they  were  then  soaked  in  fresh  water  for  some  tim- 
The  good  insulator  was  still  unaffected;  the  resistance  of  the  h^^ 
one  was  reduced  to  one -fourth  its  original  value. 

Thirdly.  Two  other  insulators,  one  known  to  be  good  an-^ 
one  bad,  after  being  soaked  in  'ordinary  water,  were  kept  at    ^ 
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temperature  of  about  10°  0.  for  fourteen  hours  by  means  of  a 
freezing  mixture,  then  soaked  in  lukewarm  water  for  three  hours, 
again  frozen  and  soaked  in  ordinary  water.  The  good  insulator 
was  unaffected,  the  resistance  of  the  bad  one  was  reduced  to  one- 
third.  The  following  table  shows  the  resistance  of  the  four  insu- 
lators under  the  various  circumstances. 

Resistances  in  Megohms. 


Initial. 

After  application 

of  Ruhmkorff 'a 

coil. 

After  soaking  in 
Cu  SO4  and  crys- 
tallizing. 

After  freezing. 

No.  1 

Infinite 

Infinite 

Infinite 

No.  2 

290 

129 

75 

No.  3 

Infinite 

— 

— 

Infinite 

No.  4 

165 

— 

— 

56 

Infinite  resistalice  means  that  the  insulator  retained  a  positive 
^^  iiegative  charge  for  several  minutes  without  any  perceptible 
loss. 

Since  connection  with  the  outside  of  the  insulator  is  made  by 

^eans  of  a  copper  wire  placed  in  the  water  of  the  trough,  and 

"^ith  the  inside  by  a  copper  wire  attached  to  the  iron  stalky  we 

hftve  two   different  metals,   copper  and  iron,  separated  by  the 

Partially  conducting  porcelain ;   the  insulator,  therefore,  acts  as  a 

Simple  cell,  and  we  are  enabled  to  measure  its  resistance  in  two 

distinct  ways.      (1.)  By  giving  an  independent  charge  from   a 

I^aniell's  cell  and  taking  time  readings  with  the  electrometer  as 

^^e  charge  is  lost,  using  as  the  zero  the  reading  when  there  is  no 

fiirther  loss.     (2.)  Taking  time  readings  on  insulation  after  short 

circuiting,  as  the  insulator's  own   electromotive  force  causes  the 

^pper  wire   attached   to   the   iron   stalk   to   acquire   a  negative 

potential  relative  to  the  copper  wire  attached  to  the  outside  of  the 
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insulator.  In  both  cases  we  must  calculate  the  resistance  after  a 
certain  time  has  elapsed,  when  the  ratios  between  successive 
readings  at  equal  intervals  of  time  have  become  equal. 

We  are  inclined  to  think  that  a  sudden  cooling  of  porcelain 
insulators  from  some  moderately  high  temperature,  which  might  be 
determined  by  experiment  in  the  manufactory,  would  so  entirely 
destroy  the  insulation  of  bad  specimens  that  they  might  be 
separated  from  the  good  with  great  facility.  Such  a  process  could 
most  readily  be  carried  out  by  the  manufacturers.  The  authors  of 
this  paper  have  at  present  no  opportunity  of  practically  testing  at 
a  manufactory  the  importance  of  their  suggestion.  The  experi- 
ments, however,  described  in  this  communication  prove  conclusively 
that  the  minute  fissures  in  bad  insulators  may  be  artificially  enlarged. 
It  is  easy  also  to  see  how  the  fact  that  bad  insulators  act  as  simple 
voltaic  ceUs  may  be  employed  in  separating  them  from  good  ones. 

J.  Perry. 

W.  E.  Ayrton. 

The  Imperial  College  of  Engineering, 
Tokei,  Japan. 


A  NEW  METHOD  OF  TAKING  THE  LOOP-TEST. 

London, 
October  18th,  1876. 

Dear  Sir^ 

Under  the  instructions  of  Mr.  W.  F,  King^  Engineer-in- 
Chief  to  the  Western  and  Brazilian  Telegraph  Company,  and 
while  localising  faults  on  board  that  Company's  repairing  ship 
"  Norseman,"  I  found  the  following  method  of  loop-test  give 
more  accurate  results  than  any  of  those  mentioned  in  Clark  and 
Sabine's  book  on  Electrical  Tables  and  Formulae.  If  you  find  that 
it  has  not  already  been  published,  perhaps  you  will  kindly  have  it 
inserted  in  the  next  number  of  the  Society's  Journal. 
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Instructions, 

Connect  up  the  testing-battery  for  quantity,  so  as  to  have  a  low 
internal  resistance,  and  see  that  it  is  very  well  insulated^  by  having 
the  jars  encased  or  supported  in  dry  solid  paraffin  or  otherwise. 
Arrange  the  testing  instruments  and  leads  as  in  fig.  1 ,  connecting 
one  side  of  the  galvanometer  to  a  fixed  terminal  somewhere 
between  the  ends  of  a  series  of  resistance  coils,  or  to  the  shifting 
pointer  in  a  set  of  slides,  and  the  other  side  to  earth,  the  ends  of 
the  cable  being  connected  to  the  ends  of  the  resistance  coils  or 
slide,  as  shown  in  the  figure : — 


*cajjjb 


£arthf 


Fig.  1. 

Get  a  balance  with  resistances  r^  and  B^  as  nearly  as  can  be 
judged  in  amount  to  that  of  x^  and  y^,  the  respective  resistances  at 
the  time  fi:om  the  ends  of  the  cable  to  the  fault,  the  zinc  pole 
being  connected  to  terminal  (2). 

Then  ri  —  fl. 

Now  reverse  the  ends  of  the  cable  and  procure  another  balance, 
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as  represented  by  fig.  2  (zinc  still  to  2),  with  r^  and  Eg  as  the 
resistances  in  circuit 


2      CojbU 


EarOv 


FajuJJb 


Fig.  2. 


^2   _  -^2 


Then 

And  if  the  fault  remains  constant, 


X-i  Xa  .A. 


y\    2/2     Y' 

Therefore  taking  the  mean  of  our  two  balancings,  we  get 

VR~i''"  V^2~  Y' 


2Ri  Ej 


2RiB^ 


or  the  distance  in  ohms  of  the  fault  from  that  end  of  the  cabl  ^ 
marked  3  in  fig.  1. 

The  great  advantage  of  this  method  seems  to  be  that  the  samC^ 
amount  of  current  passes  through  the  galvanometer  as  out  at  tli(^ 
fault. 
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By  trying  quick  reversals  and  getting  a  few  means,  very  accu- 
rate results  can  be  obtained,  only  the  resistance  of  the  fault  mii-st 
not  be  very  high.  . 

Yours  fisdthfully,  Andbew  Jamdbson. 

J.  Sivewright,  Esq.,  Secretary, 

Society  of  Telegraph  Engineers. 


To  find  the  diameter  \  of  a  wire  to  iBU  a  bobbin  of  given  dimen 
sions    (outer   diameter  A,  inner  diameter   a,  length  b)  and  pro- 
duce a  given  resistance  B,  allowance  being  made  for  the  radial 
thickness  p  of  the  insulating  covering  : — 


Length       of     1st   coil     =      27r(^  +  /}+"^K 


J? 


j> 


J? 


of    2nd     „      =      27r(|  +  3^  +  *'), 
of  two  together  =      27r(  2^  +  4p  +  -^  K 
of  n  coils  =      2'ir  (n^  +  ri^  {p  -{-  ^)  j, 


=  27r7i(5  +  n 

A  — a 
Number  of  coils  =    ^j^ — ZjoTs  ~  ^* 

Total  length  of  1  layer     =  '^^^  ^^  ^  +  -^[j, 

_       7r(A  — g)  rAH-a"] 
2/0  +  X  L     4     J* 

Number  of  layers  =  ^  , 

Therefore  total  length  is — 

J      _    TT  &  ( A  —  a)  (A  +  a) 

^  -        4  {2p  +  \y    ' 

Now 

6R     =    c-g. 

and 

T  RX2 

Ju       =        • 
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therefore 

BX»     _  7r6(A-a)(A4-a) 
c        "  4:(2p  +  \y       ' 

therefore 
therefore 


adding  />*  to  both  sides 


From  which 


X  =  -p  +  y/pp^  +  ^ZLM^), 
or  if  i  =  c  J, 


B 

IT 


when  k  is  the  resistance  of  a  wire  j  units  in  length  and  one  \x 

in  diameter. 

[1  p]  R.  S.  Bbough- 
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ON  A  NEW  FORM  OF  JOINT  FOR  COVKRED  WIRES. 

Since  the  disouaaion  which  followed  the  reading  at  the  Society  of 
Telegraph  Engineers  in  November  last  of  Mr,  Mance'a  paper  on 
the  making  of  joints  in  gutta-perclia  covered  wires,  in  which  I  took 
part,  I  have  endeavoured  to  supply  what  appeared  to  be  much 
desired,  viz.,  a  simple,  cheap,  and  efBcient  mode  of  joint  making, 
and,  having  succeeded  far  above  my  expectations,  I  lose  no  time 
in  bringing  it  before  the  notice  of  the  Society.  That  the  joint  is  a 
simple  one  and  can  be  readily  made  by  inexperienced  hands  will 
be  seen  by  the  instructions  for  making  the  same,  wbich  are  as 
billows.  Remove  the  gutta-percha  from  the  ends  of  the  wires  to 
be  joined,  either  by  heating  or  by  the  knife,  the  former  method  ia 
the  best,  clean  the  copper  wire  with  emery  paper,  and  make  a  short 
'  bell-hanger's  twist," 


Fig.  1, 
If  the  wires  are  tiiorouglily  cleaned  and  the  twist  tight  and  well 
made  no  solder  will  be  required,  Warm  the  surface  only  of  the 
gutta-percha  and  the  copper  at  the  joint  by  means  of  the  spirit 
lamp,  and  apply  the  compound  in  a  warm  state  until  the  copper  is 
Covered  slightly  thicker  with  it  than  witli  the  gutta-percha,  then 
while  the  compound  is  warm  place  it  on  the  bottom  half  of  the 
^vooden  or  vulcanite  mould,  and  place  the  top  half  over  it ;  then 
Fig.  2. — LOWEB  Section,  Joist  Open. 
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applying  the  clamp  screwing  it  firmly  down  ontil  the  Bor&oeB  of 
the  two  halves  press  firmly  against  one  another  aa  uhown  in  fig.  3. 


'.__EC1L 


Fig.  3.— Side  Ti&w  oy  Clamf. 

Next  insert  the  screws  in  the  top  half  of  the  wood 
mould,  and  after  they  are  firmly  screwed  home 
and  the  joint  is  complete  (fig.  4). 


r  vuleani*® 
the  olanop' 


Fig.  4.— Joint  Couplete. 

As  to  the  durability  of  such  a  joint  I  have  no  donbl.  Tl*^ 
electrical  qualities,  as  far  as  I  have  had  time  to  test  the  sam^' 
are  highly  satisfactory.  Ten  joints  were  made,  in  short  lengths  t^* 
ordinary  No.  7  gutta-percha  covered  wire,  by  a  man  who  uev^*" 
made  a  gutta-percha  joint,  and  immersed  in  water  and  tested  o^^ 
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the  following  dates  by  the  accumulation  test  Battery  one  hundred 
cells.  Xime  one  minute.  Standard  two  yards  of  the  same  sized 
core  ==  1. 


No. 

Febmaiy  16. 

February  23. 

March  1. 

,    MarcE  16. 

1 

0-83 

0-66 

0-66 

1-00 

2 

0-83 

0-66 

0-66 

0-83 

3 

0-66 

1-00 

0-66 

0-66 

4 

0-66 

0-66 

0-66 

0  83 

5 

0-66 

0  66 

0-66 

0-66 

6 

0-83 

0-66 

0-66 

0-66 

7 

0-66 

0-66 

0-66 

0-83 

8 

0-66 

0-66 

0-66 

0-66" 

9 

0-83 

0-66 

0*66 

0-66 

10 

0-66 

0-66 

0-66 

0-66 

Directly  after  the  test  on  March  16th  the  joints  were  removed 
from  the  water  and  exposed  to  the  atmosphere  until  the  5th  inst. 
when  they  were  tested  in  water  under  precisely  the  same  con- 
ditions, and  the  result  was  identically  the  same  as  the  third  test  in 
the  above  list.  It  will  be  understood  that  this  system  of  jointing 
is  not  applicable  i;o  submarine  cables  unless  in  cases  of  emer- 
gency, but  is  all  that  could  be  desired  for  subterranean  and  other 
wires.  A  box  with  all  materials  necessary  for  making  one 
hundred  joints  in  ordinary  No.  7  wire,  and  samples  of  the  complete 
joint,  are  placed  on  the  table  for  inspection. 


WiLLOuaHBY  Smith. 


Wharf  Road,  City  Road, 
May  8th,  1876. 
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Experimental  Joints  retested. 


No. 

Made. 

Material. 

Accnnnilation  after 

oneminnte; 

100  cells. 

4 

Jan.  13,  1876 

Vulcanite 

5° 

.  7 

>> 

11 

5° 

8 

17 

11 

4° 

9 

>> 

91 

4° 

18 

19 

Wood 

5° 

11 

Feb.  2,  1876 

11 

5° 

15 

Feb.  12,  1876 

11 

5° 

16 

Vulcanite 

4° 

17 

Wood 

4° 

18 

Vulcanite 

5° 

19 

11 

4° 

20 

Wood 

4° 

18«  No.  7 

Same  length 

3° 

July  4th,  18' 

re. 

w.  s. 

NOTES  ON  A  THUNDERSTORM  WHICH  PASSED  OVER 
OLEVEDON,  ABOUT  5  p.m.  on  March  15th,  1876. 

There  was  but  a  single  flash,  which  appeared  to  many  observers  to 
travel  horizontally  through  the  air.  However  the  lightning  passed 
down  the  lightning-conductor  of  Christchurch.  The.flag-staff,  about 
100  feet  high,  and  the  four  pinnacles,  about  90  feet  high,  have 
each  a  conductor,  the  flag-staff  having  the  usual  conical  point,  the 
pinnacles  having  the  copper  rope  attached  to  their  vanes.  The  five 
copper  ropes  unite  inside  the  tower  in  the  neighbourhood  of  the 
clock.     Lower  down  the  conductor  passes  through  a  slanting  hole 

• 

^o  the  outside,  and  for  the  lowest  12  feet  is  encased  in  a  pipe.     On 
3aching  the  groulQd  it  passes  into  a  dry  freestone  channel  for  aboat 
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a  dozen  feet  and  then  dips  down  into  the  drain  which  carries  rain- 
water from  the  roof.  As  no  rain  preceded  or  accompanied  the 
flash  it  may  be  presumed  that  the  drain  was  dry. 

The  protector  is  copper  throughout,  and,  with  the  exception  of 
the  termination,  seems  to  have  been  carefully  and  efficiently  placed. 
Diameter  I  estimate  to  be  half  inch,  it  may  be  a  trifle  more. 

Just  at  the  point  where  it  leaves  the  pipe  and  enters  the  ground 
the  electric  charge  left  it,  dashed  through  three  feet  or  more  of  solid 
wall  supporting  the  tower,  in  order  to  reach  the  gas  meter  inside, 
then  it  passed  safely  along  the  gas-pipe. 

The  cavity  made  was  considerable,  but  very  irregular.  I  was 
unable  to  ascertain  when  the  workmen  were  engaged  in  repairs,  and 
therefore  cannot  give  their  estimate  of  the  weight  of  stone  displaced, 
but  it  must  have  been  many  hundred-weights,  though  only  a  few 
pounds  were  actually  thrown  out  on  to  the  path,  or  inside  into  the 
vault.  A  large  quantity  of  stone  was  pulverized,  and  the  whole 
gave  one  the  idea  of  the  explosion  of  a  charge  of  gunpowder  under 
great  compression. 

In  a  house,  about  100  yards  from  the  church,  the  inmates  felt 
the  shock  intensely,  but  did  not  know  that  the  house  had  been 
touched.  Some  hours  after  however,  on  going  to  turn  on  the  gas, 
a  hissing  noise  was  heard,  and  a  hole  was  found  in  the  composition 
gas-pipe,  about  five-eighth  inch  diameter,  just  where  the  pipe  passed 
within  an  inch  of  a  water  pipe.  The  lightning  must  have  come 
^ong  the  main  from  the  church  gas-pipe  to  this  house,  and  then 
passed  to  the  water  pipe  as  the  readiest  way  to  moist  earth.  Tho 
''^hole  soil  in  the  neighbourhood  is  mountain  limestone,  very  dry. 
Riere  is  not  the  slightest  evidence  of  displaced  plaster,  or  any  other 
*5gii  of  the  passage  of  an  electrical  discharge  through  the  house. 

It  is  difficult  to  say  in  what  direction  the  storm  was  travelling,  as 
-here  was  but  the  one  flash.  If  I  can  answer  or  obtain  an  answer 
^o  other  questions  I  shall  be  pleased  to  do  so. 

Eustace  Button. 

I^wesfell,  CliBvedon, 
July  18, 1876. 
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THE  PERSIAN  GOVERNMENT  TELEGRAPHS. 

By  A.  HouTUM  Schindlbr, 
Inspector-General  of  Persian  Telegraphs, 

The  first  telegraph  lino  was  erected  in  Persia  in  1859  fi'om 
Teheran  to  Soltanieh^  a  place  of  little  importance,  about  160  miles 
from  Teheran,  on  the  road  to  Tauris.  The  conductor  consisted  of 
three  kinds  of  wire — ^a  thin  copper  wire,  a  thin  iron  one,  made  at 
Ispahan,  and  a  galvanised  iron  wire  of  2*50  millimetres  diameter, 
bought  in  Russia — and  was  insulated  with  small  earthenware 
insulators  of  a  cylindrical  shape,  made  at  Teheran ;  the  wire  was 
wound  round  each  insulator.  The  instruments  were  Breguet's 
alphabetical  dials.  This  line  worked  for  only  one  summer;  the 
Shah  left  Sultanieh  in  the  autumn,  and  the  line,  being  of  no 
further  use,  was  demolished. 

A  line  from  Tauris  to  Teheran  was  erected  in  the  following  year 
(1860).  Half  of  it  was  4  millimetres  wire,  the  other  half  was  less 
than  2*50  millimetres.  The  insulators  were  made  at  Teheran,  of  a 
sort  of  porcelain  dust  and  earthenware  mixed,  and  were  of  a 
curious  shape.  Seen  from  the  side  they  resembled  the  letter  J; 
a  nail  at  the  top  fastened  them  to  the  post,  and  the  wire  was 
suspended  by  the  lower  part.  These  insulators  were  found  useless, 
and  were  next  year  replaced  by  some  bought  in  Europe.  The  line 
worked  at  intervals  till  1869,  when  it  was  replaced  by  Siemens's  line. 

In  1863  the  Teheran-Tauris  line  was  continued  to  the  Russian 
frontier  on  the  Arras  River  by  a  line  of  3  millimetres  diameter, 
insulated  by  French  porcelain  insulators.  In  this  year  embossing 
Morse  instruments  were  bought  from  Forsterling,  of  St.  Petersburg. 

In  1863  the  English  Government  also  began  to  erect  a  line, 
of  No.  5  galvanised  iron  wire  (B.W.G.)  on  wooden  poles,  and 
Siemens's  iron-hooded  insulators,  from  Bushire  to  Teheran,  and 
thence  to  Khanegfn  on  the  Turkish  frontier,  on  the  road  to  Bagdad. 
This  line  worked  through  from  Bushire  to  Bagdad  on  the  13tli 
October,  1864. 

In  this  same  year  two  other  lines  were  completed  by  the  Persian 
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Government.  One  went  from  Gasvin  to  Eesht,  and  was  constructed 
of  all  sorts  of  wires  and  insulators,  the  remains  of  the  former  lines ; 
it  worked  for  two  years,  was  then  on  the  ground  for  two  years,  and 
was  repaired  or  rather  re-erected  in  1869  with  No.  5,  B.W.G., 
wire  and  Bussian  double-bell  porcelain  insulators.  It  works  now. 
The  other  line  joined  Teheran  with  Astrabad,  via  Firuzkiih,  Sdri, 
and  Barfiinish.  It  was  at  first  well  insulated  by  French  insulators, 
had  straining-posts  with  ratchets,  and  3  millimetres  wire.  As  it 
was  not  kept  in  repair  it  was  soon  for  the  greater  part  on  the 
ground,  and  not  long  after  deserted. 

In  1869  a  second  line  was  commenced  between  Teheran  and  the 
Bussian  frontier ;  it  was  No.  5,  B.W.G.,  wire,  insulated  by  Russian 
double-bell  porcelain  insulators.  The  arrival  of  Mr.  Siemens  in  this 
country  put  a  stop  to  the  works,  which  had  progressed  for  a  distance 
of  eighiy-five  miles. 

The  English  Government  had  drawn  a  second  wire  from  Bushire 
to  Teheran  and  Kermanshah  in  1867,  but  gave  up  the  line  from 
Teheran  to  Kermanshah  and  Khanegin  in  the  early  part  of  1870. 
The  Persian  Government  rolled  up  one  of  the  wires  from  Teheran 
to  Kermanshah  and  used  it  for  other  lines. 

By  autumn  1870  the  Persian  Government  finished  a  line  of 
No.  5,  B.W.G.,  wire,  on  wooden  poles,  and  Russian  double-bell 
insulators,  from  Teheran  to  Astrabad,  via  Shdhriid.  It  works  well 
at  present 

ISiemens's  line  from  Teheran  to  Tauris  and  the  Russian  frontier 
was  opened  for  traffic  on  the  31st  January,  1870.  It  consists  of 
three  wires  of  No.  5,  B.W.G.,  supported  on  iron  poles,  and  insu- 
lated by  Siemens's  iron-hooded  insulators. 

In  1872  a  branch  line,  joining  the  important  town  of  Khoi  with 
Tauris,  was  constructed.  The  line  went  from  Khoi  to  Merend,  on 
&e  Indo-European  Telegraph  Company's  line,  between  Tauris  and 
*he  Russian  frontier,  and  was  No.  5  wire  and  Russian  double-bell 
^^siilators.     It  works  now. 

In  1873  branches  were  erected  joining  Dowletabad,  the  prin- 
cipal place  of  the  Malayer  district,  Sultanabad,  the  principal  place 
^^  the  Irdg  district,  and  Buriijird,  with  each  other  and  with 
^^^madan.    These  branches  are  working  well. 
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The  English  Government  changed  its  wooden  poles  for  iron 
posts,  and  finished  a  third  wire  from  Bushire  to  Teheran  in  1874, 

The  telegraph  lines  which  are  at  present  existing  in  Persia  are 
as  follows  : — 


4 
5 


6 

7 
8 


Lines. 


Teheran  to  Bushire  (English  Govern- 
ment line  of  three  wires ;  one  wire  is 
reserved  for  Persian  traffic) 

Teheran  to  Khanegin  (constructed  by 
English  Government:  handed  over 
to  Persian  Government  1870)  . 

Teheran  to  Summer  Palaces  of  H.'I.  M 
the  Shah         .... 

Gazvin  to  Resht .... 

Teheran  to  Julfa  (Russian  frontier) 
(constructed  by  Siemens ;  three  wires 
one  reserved  for  Persian  traffic) 

Teheran  to  Shahnid  and  Astrabad 

Merend  to  Khoi .... 

Hamadan    to    Dowletabad,    Burujird 
Sultanabad      .... 

Total  length  of  lines  . 


Length 

in  English 

miles. 


735 


440 

18 
105 


415 

314 

35 

120 


2,182 


Date  of 
Completion. 


1864 


1864 

1865—67 
1869 


1870 
1870 
1872 

1873 


There  are  2,182  miles  of  wire  worked  by  the  Persian  Govern- 
ment, 1,470  miles  by  the  English  Government,  and  830  miles  by 
the  Indo-European  Telegraph  Company,  making  a  grand  total  of 
4,482  miles  of  wire  worked  in  Persia.  The  distances  are  only 
approximate :  real  through  measurements  have  hardly  ever  been 
taken  in  this  country. 

The  Persian  Telegraphs  are  held  by  the  Director-General  for  a 
certain  sum,  which  he  annually  pays  to  the  Shah,  and  he  works 
them  at  his  own  risk,  profit,  or  loss. 

The  expenditure  for  the  year  of  the  Hejreh  1291,  that  is,  from 
17th  February,  1874,  to  6th  February,  1875,  amounted  to  358,510 
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^K&Bncs,  inclnding  all  salarios,  lunintcnaiice,  Rnd  repairs  of  Uiies<, 
^Hliiroliase  of  necessary  stores,  &c.  For  the  year  1292  (6th  February, 
^875,  to  27tli  January,  1876)  the  expenditure  amounts  to  450,000 
frsnos,  as  375  miles  4  millimetres  wire,  a  fow  thousand  small 
Rnea'an  double-bell  insulators,  and  1,000  Siomens's  insulators  for 
iron-postB  have  been  bought  The  wire  will  be  used  for  the  line 
from  Shahrud  to  Meshhed,  296  miles,  now  in  eonrso  of  con- 
stmotion,  and  for  connecting  some  small  outlying  stations  with  the 
mam  lines.  The  lines  to  bo  constructed  after  the  Meshhed  lino  are 
the  Astrabad-Sari,  the  Ispahan- Ye zd-Ker man,  aline  to  Kurdistan, 
and  some  smaller  ones. 

Excepting  a  small  part  near  the  Turkish  frontier  all  the  lines  are 
on  wooden  poles.     For  the  purpose  the  Oriental  plane,  the  poplar, 
and  the  mountain  cypress  are  employed.     The  latter  is  the  best 
TOod  we  have  for  telegi'aph  poles :  it  grows  in  Grilan  and  Majen- 
Jeran,  and  can  easily  be  got  in  straight  poles  of  five  to  six  meti'ea 
in  length.     It  is  called  "  Avera,"  or  "  Sarv  i  Kiihi,"  i.e.  mountain 
cypress.     Our  wire  is  for  the  greater  part  !No.  5,  B.W.G.  (5'5 
millimetres) ;  a  large  part  of  the  lines  consists  of  No.  8  wire,  and 
1  very  small  part  of  No.  11.    Of  insulators  we  have  Siemens's  iron- 
hooded,  Russian  double-bell,  large  and  small,  and  a  few  old  French 
insulators ;  we  also  use  many  insulators  of  diiferent  shapes,  made 
at  Teheran,  of  porcelain  bells  or  cylinders  with  iron  hooks.     Somo 
°f  Ijiese  latter  answered  very  well  indeed ;  we  place  them  now 
generally  in  the  plains,  and  use  the  stronger  and  better  European 
insulators  for  mountainous  parts  of  the  country.     This  year  we 
'lave  made  a  new  kind  of  insulator :  it  consists  of  an  iron  semi- 
^Tele,  to  which  is  welded  an  upright  iron  hook,  holding  a  porcelain 
•^ouble-bell.      Tlie  semicircle  is  fastened  to  the  pole  by  two  stout 
•^Hila,  and  can  be  bent  so  as  to  fit  any  sized  pole.     The  bell  is 
'^steiied  to  the  hook  by  a  cement  made  of  gypsum,  to  which  a 
''ery  small  quantity  of  glue  has  been  added. 

The  following  table  gives  the  number  of  offices,  instruments,  and 
tile  staff  of  the  Persian  telegi'aphs.  The  offices  are  open  all  dai/ 
■^Uly,  (luring  the  nights  they  are  closed.  The  instruments  are 
mostly  Morse,  with  relay  made  by  Siemens.  Some  are  without 
-Wkwork :  a  few  of  the  old  Russian  Morse  instruments  also  exist. 


n 
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The  batteries  in  use  are  principally  DanieJl's ;  we  have  also  a  few 
Meidinger's  and  Minotto's.  The  higher  grade  signallers  also  do 
duty  as  inspectors. 


Table  showing  Offices,  Staff,  Instruments,  Batteries,  of  the,  Persian  Govemmeiu 

Telegraph,  1st  Muharrem,  1293  (28th  January,  1876).  ' 


1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

36 

36 

37 

38 

39 


Abadeh   

Aiyan  i  Keif ... 

Astrabad    

Bnrajird     

Bushire   

Damghan   

Hamadan   

Ispahan  

Julfa  

Kashan   

Eazrun    

Eengawer  

Kerind 

Eermanshdh  ... 

Khanabad  

Ehanegin    

Khoi    

Khwar 

Malayer 

Manjil 

Merend   

Midneh   

Nobaran 

Qasr  i  Shiron... 

QazYin 

Qom    

Qnmisheh  

Eesht  

Semnan  

Shahabdnlazim. 

Shahrud 

Shiraz 

Snltanabad 

Tabriz 

Teherdn  

Zenjan 

Doshantepeh  ' 
Sultanetabad 
Palace  in  town 

Totals^ 


I 


1 
1 
1 

•  • 

1 
1 


1 
1 

•  • 

1 
1 

•  • 

1 
1 
1 


16 


id 

it 

QQ 


1 
1 

2 

2 

1 

1 

3 

3 

1 

1 

1 

2 

1 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

3 

2 

1 

3 

2 

1 

2 

3 

1 

8 

9 

1 


I 


68 


1 
1 


•  •  • 
«  •  • 

•  •  • 

•  •  • 

•  •  • 

1 

•  •  • 

•  •  • 

1 

«  •  • 

•  •  • 

•  «  • 


2 

12 

1 


it 
§•3 


26 


25 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

29 


2 

5 


3 
5 


2 
2 
2 
2 
1 
1 
2 
3 
4 
1 

3 
2 
2 


5 

2 

•  • 

3 

•  • 

2 

•  • 

9 


•  •  • 
«  •  • 

64 


» 


Instni- 
ments. 


S 


13 


66 


& 


14 


66 


14 


& 

1 

m 


Remarks. 


24 
24 
48 
48 
48 
48 
52 
92 
24 
24 
24 
24 
24 
48 
24 
24 
48 
24 
48 
24 
24 
24 
24 
24 
48 
24 
24 
48 
48 
24 
48 
92 
48 
92 
200 
52 
48 
48 
48 

1722 


1  Stations  on  the  Englii 
lines  haye  no  gholai 
as  the  maintenance 
in  the  hands  of 
English  Govemmei 
and  of  Siemens. 

•  Supemnmeraries  do 

gnlar  oflSice  duty  bi 
receive  no  salary. 

'  ♦These  three  stations  i 
open  only  during 
stay  there  of  the  Coi 
and  are  worked  by  ob 
clerk,  who  ranks  as 
superintendent,  or  che 

de  bureau. 

*  Chefs  de  bureau ...   1* 
Signallers  and  in 

spectors ••••• 

Writers •••••• 

Supernumeraries. . 

Line  guards 

Messengers  ^ 


Total 


269 


J 


THE  PEBSIAN  GOVERNMENT  TELEGRAPHS.  267 

Besides  the  staff  enumerated  in  the  table  there  are : 


Director-General    • 

•        •        •        1 

1 

Inspector-General  . 

•         •        • 

1 

Controllers 

•                      •                     •                     a 

2 

Sub-Director 

•                     •                      •                      a 

1 

Inspectors  and  Superintendents 

11 

Treasurer 

•                      •                      • 

1 

Mechanician  . 

•                     •                      • 

1 

Total       ...        .         18 

which,  added  to  the  total  number  of  the  staff  shown  in  the  table, 
gives  a  grand  total  of  287. 

We  have  a  number  of  signallers  who  can  work  the  three  different 
alphabets  in  use  in  our  department  of  Morse  adapted  to  Persian 
language,  the  Morse  as  used  in  European  administrations,  and, 
the  Morse  as  used  in  Turkey,  that  is  five  different  alphabets  in  all, 
with  equal  facility.  Thiriy  words,  of  a  length  of  five  letters,  per 
Dainate  is  about  the  average  speed. 

Begarding  the  number  of  messages  sent  and  received  no  proper 
registers  exist  at  present.  All  Government  messages  are  gratis  and^ 
110  register  is  kept  of  them  ;  service  messages  and  other  free  mes- 
sages are  also  not  registered.  Only  the  paid  messages  are  counted, 
and  they  amount  for  the  year  to  somewhat  over  175,000  ten-word 
rates.  The  Government  messages  for  last  year  I  estimate  at  about 
400,000  ten-word  rates,  and  the  service  and  other  free  messages  to 
*hout  100,000  rates,  making  altogether  a  grand  total  of  675,000 

(^^ates  transmitted  in  the  interior.  The  rates  for  messages  in  the 
^terior  are  2*50  francs  for  the  first  ten  words,  and  2  francs  for 
every  additional  ten  words  or  part  of  ten  words. 

The  average  number  of  international  messages  terminating  and 

^^ginating  in  Persia  is   160  per  month;  the  international  mes- 

^g©8  in  transit  are  counted  in  the  returns  of  the  Indo-European 

Telegraph. 

I  may  add,  that  the  erection  of  the  line  from  Shahrud  to  Meshed 

I    has  been  commenced,  and  will  probably  be  finished  before  the 

I  autamii. 
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Line  Shahrud  to  Meshed. 

The  construction  of  this  line  was  begun  on  the  23rd  May  and 
completed  on  the  31st  July,  1876.  The  length  of  the  line  is  271 
miles.  It  was  opened  for  traffic  on  the  3rd  August.  The  wire  is 
galvanized  iron  wire  of  4  millimetres  diameter  (No.  9,  B.W.G.) 
The  poles  are  poplar  and  fir.  The  insulators  are  double  porcelain 
bell,  with  screw  or  with  hook  and  nails.  The  line  has  eight 
stations,  viz.  Rahmetabad  (opened  during  the  winter  only), 
Meiomey,  Miandasht,  Abbasabad,  Mazinan,  Sabzvar,  Nishapur, 
and  Meshted.  At  Sabzvar  are  translating  instruments.  The 
instruments  are  Siemens's  Morse  with  polarized  relays,  but  without 
writer  and  clockwork,  work  being  done  by  sound. 

The  workmen  suffered  much  from  want  of  water  and  firom  heat. 
During  the  months  of  June  and  July  the  heat  in  the  plains,  with  a 
cool  wind  blowing,  rose  to  140  and  141  degrees  Fahrenheit,  while 
the  heat  in  the  shade  once  rose  to  112  degrees  Fahrenheit.  Great 
anxiety  was  felt  on  account  of  the  Turcomans,  who  were  expected 
to  attack  us  every  day  while  we  were  in  the  four  stages  known  as 
the  "  stages  of  terror  "  (Shahrud  to  Mazindn),  but  not  a  single 
Turcoman  was  seen. 
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Read  before  the  Institution  of  Civil  Engineers,  Feb.  16,  1858, 
and  reprinted  from  their  Proceedings  by  the  kind  permission  of 
that  body, 

ON  SUBMERGINa  TELEGRAPHIC  CABLES. 

By  James  Atkinson  Longridge,  M.  Inst.  C.E.,  and  Charles 

Henry  Brooks. 

The  failure  in  the  first  attempt  to  lay  the  Atlantic  cable  has, 
doubtless,  attracted  the  attention  of  many  Members  of  this  Insti- 
tution to  the  subject  of  submerging  such  lines  of  telegraphic 
communication;  and  in  the  hope  that  the  following  attempt  to 
investigate  the  laws  to  which  such  operations  are  subject  will  not 
be  unacceptable  it  is  now  submitted  by  the  Authors  to  their  pro- 
fessional brethren — not  however  claiming  to  be  more  than  a  partial 
solution  of  an  interesting  and  somewhat  complicated  problem. 

Those  upon  whom  the  task  devolved  of  laying  the  cable  between 
Ireland  and  America  have,  without  doubt,  given  the  whole  question 
careful  consideration,  and  the  high  attainments  of  some  of  them, 
in  mathematical  and  physical  science,  lead  to  the  belief,  .that  by 
them,  at  any  rate,  the  conditions  of  the  problem  have  been  appre- 
ciated. At  the  same  time  it  cannot  be  denied  that  much  mis- 
apprehension does  exist,  and  manifests  itself  by  the  various 
schemes  which  are,  from  time  to  time,  proposed  to  prevent  another 
failure. 

Some  discussion  arose  at  the  meeting  of  the  British  Association, 
at  Dublin,  in  1857,  afler  the  reading  of  one  or  more  papers  before 
the  Mechanical  Section ;  but  the  published  reports  were  meagre 
and  unsatisfactory,  and  one  of  the  reported  conclusions  appearp'^ 
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to  the  Authors  of  this  paper  to  be  so  curious  and  improbable  that 
their  attention  was,  independently  of  each  other,  attracted  to  the 
subject.  The  conclusion  just  adverted  to  was  thus  expressed  in 
some  of  the  Journals : — "  During  the  conversation  which  arose  in 
the  Section,  after  the  reading  of  this  communication,  a  new  Ught 
seemed  to  break  upon  the  members,  as  it  seemed  to  be  universally 
admitted  that  it  was  mathematically  impossible,  unless  the  speed 
of  the  vessel,  from  which  the  cable  was  payed  out,  could  be  almost 
infinitely  increased,  to  lay  out  a  cable  in  deep  water  (say  two  miles 
or  more),  in  such  a  way  as  not  to  require  a  length  much  greater 
than  that  of  the  actual  distance,  as  from  the  inclined  direction  of 
the  yet  sinking  part  of  the  cable  the  successive  portions  payed  out 
must,  when  they  reached  the  bottom,  arrange  themselves  in  wavy 
folds,  since  the  actual  length  is  greater  than  the  entire  horizontal 
distance."  It  seemed  desirable  to  ascertain  how  far  such  an  idea 
as  that  involved  in  the  above  statement  was  correct,  and,  if  correct, 
what  amount  of  slack  ought  to  be  provided  to  meet  the  waste  in 
varying  depths  of  water.  This  was  the  primary  question  which 
the  Authors  of  this  Paper  proposed  to  tliemselves,  and  upon  which 
they  were  each  independently  engaged.  They  subsequently 
communicated  their  ideas  to  each  other.  The  inquiry  branched 
off  in  other  directions,  and  the  results  are  now  jointly  submitted  to 
the  consideration  of  the  Members  of  the  Institution. 

The  following  are  the  questions  which  are  discussed,  generally, 
in  the  body  of  the  Paper,  the  calcidations  being,  for  the  most  part, 
given  in  an  Appendix : — 

I.  Is  it  possible  to  lay  a  cable  straight  along  the  bottom,  in  deep 
water,  free  from  the  action  of  currents  ? 

II.  If  possible,  what  degree  of  tension  is  required,  in  paying 
out,  so  as  to  lay  the  cable  straight  ? 

III.  What  is  the  effect  on  the  cable,  as  regards  strain,  of  varying 
(a.)  The  depth  of  the  water, 

(b.)  The  specific  gravity  of  the  cable,  and 
(c.)  The  velocity  of  the  paying-out  vessel? 

IV.  What  are  the  relative  velocities  of  the  cable  and  of  the 
paying-out  vessel,  requisite  to  reduce  the  strain,  or  tension,  to  any 
given  amount,  and  what  will  be  the  consequent  waste  of  cable  ? 
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V.  What  is  the  effect  of  currents  and  the  consequent  waste  of 
cable? 

VI.  How  far  is  it  necessary  and  safe  to  check  the  velocity  of 
psijmg  out,  in  passing  currents,  so  as  to  avoid,  as  far  as  possible, 
waste  of  cable  ? 

VIL  Is  it  safe,  and,  if  so,  under  what  circumstances,  to  stop 
the  paying  out,  and  to  attempt  to  haul  in  the  cable  from  great 
lepths  ? 

VIII.  What  is  the  effect  of  the  vessel  pitching  in  a  heavy  sea  ? 

IX.  What  are  the  desiderata  in  the  paying-out  apparatus  ?* 

X.  What  would  be  the  effect  of  floats  or  resisters  ? 

XI.  What  are  the  best  means  for  saving  the  cable  in  case  of 
Tracture  ? 

XII.  What  is  the  best  mechanical  construction  of  a  submarine 
telegraphic  cable  ? 


I.—- Is  IT  POSSIBLE  TO  LAY  A  UaBLE  STRAIGHT  ALONG  THE  BOTTOM, 

IN  Deep  Water,  free  from  the  Action  of  Currents  ? 

If  a  vessel  moving  uniformly  forward  drop,  at  equal  intervals  of 
time,  balls  of  equal  size,  and  of  the  same  material,  it  may  be 
shown,  that  in  water,  and  with  a  material  of  the  specific  gravity  of 
the  Atlantic  cable,  the  motion  of  each  ball  vertically  will  soon 
heoome  uniform,  and  the  line  drawn  through  the  whole  of  the 


Fig.  1. 
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'^jJls,  at  any  instant  of  time,  will  be  very  nearly  a  straight  line, 
descending  obliquely  from  the  ship  to  the  bottom.     Fig.  1  shows 
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the  form  of  the  line  drawn  through  such  a  series  of  balls,  dropped 
from  a  vessel  moving  at  the  rate  of  6  feet  per  second.  The  equa- 
tions of  motion  are  (Appendix,  Problem  I.) — 


t?  =  v/n'^  -  (n^  -  i;2)e-2c« (a). 


.         1     ,      n  +  \/n^  —  (n^— i^)e"^^*    w  —  i^        ,,. 

t  =  TT —  log ^  ,  =• .  — ; —  .  .  (d). 

2cn    ^n_  y^2— (^a— ,;3)e-'8«*    n  +  v        ^' 

which,  when  a  is  large,  becomes,  very  nearly, 

V  =i  n (c). 

<  =  -  H —  log  — ; — (a). 

n      en    "  71  +  J/  ^  ' 

The  velocity,  consequently,  idtimately  becomes  n,  which  is  a 
quantity  depending  on  the  form  and  specific  gravity  of  the  sinking 
body.  Although  this  ultimate  velocity  is  only  attained  at  an 
infinite  depth,  yet  it  is  rapidly  approached  from  the  beginning  of 
the  motion.  If  a  sphere  of  the  same  diameter  and  specific  gravity 
as  the  Atlantic  cable  is  placed  in  water,  and  is  allowed  to  descend, 
it  can  be  shown  that  in  six-tenths  of  a  second  it  will  have  acquired 
a  velocity  of  3'27766  feet  per  second,  only  differing  from  its 
ultimate  velocity  by  one  three-thousandth  part.  The  depth  passed 
through,  in  acquiring  this  velocity,  is  not  quite  2  feet,  so  that  in  ^ 
dealing  with  considerable  depths  of  water  the  terminal  velocity 
may  be  assumed  as  the  true  velocity  throughout. 

From  these  equations  the  time  of  descent  of  a  sphere  of  the 
specific  gravity  and  diameter  of  the  Atlantic  cable,  through  2,000 
fathoms  of  water,  is  found  to  be  48  minutes;  and  if  the  ship 
is  moving  at  the  velocity  of  6  feet  per  second,  it  would  have  moved 
forward  17,449  feet  whilst  the  body  sank  to  the  bottom;  conse- 
quently the  length  of  the  imaginary  line  passing  through  the  series 
of  balls  would  be  21,177  feet.  But  it  is  evident  that  each  ball 
would  sink  vertically.  If  then  each  particle  of  a  cable  followed 
the  same  law,  and  no  tension  was  applied  at  the  top,  there  would 
be  21,177  fathoms  of  cable  paid  out  for  each  17,449  fathoms  run 
by  the  ship,  or  a  loss  of  cable  of  about  21  per  cent.  It  will  be 
:eadily  seen  that  this  loss  would  increase  with  any  increase  in  the 
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specific  gravity  of  the  cable,  and  vice  versa.  A  continuous  cable 
would  not,  however,  sink  in  the  same  way  as  a  series  of  uncon- 
Qected  balls.  If  a  rod,  of  any  material  heavier  than  water,  is 
placed  in  water -in  an  inclined  position,  it  will  be  found,  on  letting 
it  go,  that  it  does  not  sink  vertically,  but  moves  diagonally  down- 
wards to  the  lower  side.  In  fact,  it  runs  down  an  incUned  plane, 
lying  between  the  vertical  and  its  own  direction.  The  equations 
of  motion,  under  these  circumstances,  of  a  body,  such  as  the 
cable,  descending  obliquely  without  tension,  are  (Appendix, 
Problem  11.)— 


V  =  \/^C 


cos  a      sin 

9         q 


ina\ 
Q   / 


(.). 


tan  {a  —  P)  =  a/ ^^tan  a, 


or 


^  =  a  —  tan  "^  a/   —tan  a (/). 


.   j8  being  the  angle  of  the  direction  of  motion,  and  a  the  angle  of 
fiike  cable  with  the  vertical. 
.    If  the  cable  runs  out  free  from  tension  at  the  top,  these  equations 

give  the  circumstances  of  its  descent,  and  by  calculating  the  angle 

^  (fig.  2),  the  distance  which  each  particle  would  run  before  it 

reached  the  bottom  may  easily  be  found. 

Fig.  2. 


D  T  B 

The  particle  at  A  instead  of  coming  to  B,  so  as  to  make  CB= 
AC,  would  arrive  at  D,  so  that  the  whole  length  AC  would  be 

VOL.  V.  T 
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deposited  in  folds,  or  coils,  between  C  and  D,  and  the  waste  of 

cable  would  be  the  difference  between  AC  and  CD  divided  by  AC. 

The  formulae  for  calculating  the  angle  /8  and  the  waste  of  cable, 

are  given  in  the  Appendix,  Problem  II.,  and  by  means  of  them 

the  following  tables  have  been  calculated  for  two  descriptions  of 

cable.     The  first  is  the  Atlantic  cable,  with  a  specific  gravity  of 

3*489;   the  other  is  a  lighter  cable,  with  a  specific  gravity  of 

1-50  :— 

Atlantic  Cable. 


Velocity  of  the  paying- 
out  vessel,  in  feet  per 

0 

2 

4 

6 

8 

10 

12 

15 

second 

Inclination  of  the  cable) 
to  the  horizon    .    .    . 

46 

O         / 

68  37 

41  44 

O         / 

28  46 

2l  47 

17  31 

l\  38 

fl44 

Angle  of  motion  with,  or  t 

inclination  of  line  of 
descent  of  each  particle 

0 

16  60 

40  36 

61  30 

66  49 

69  43 

62  22 

62  39 

to,  the  vertical    .    .    . ' 

Velocity  of  the  cable,  in ) 
feet  per  second  .    .    . 

24-201 

24-13 

22-7 

22-06 

22-16 

22-82 

23-77 

26-60 

Waste  per  cent,  of  cable) 
payed  out ) 

100 

92 

83 

73 

64 

66 

60 

41 

The  Light  Cable. 


Velocity  of  the  paying-^ 
out  vessel,  in  feet  per  > 
second 3 

1 
1 

1 

0 

4 

6 

8 

10 

12 

16 

1 

1 

Inclination  of  the  cable  J 
to  the  horizon    ,     .    .  J 

O              O        / 
\f\)       1        •  •  • 

O         / 

19  66 

O         /          O         / 

13  21    10    2 

1 

O         / 

8    2 

%43     5  22 

Angle  of   motion  with. 

1 

t 

I 

1 

or  inclination  of  line 
of  descent  of  each  par- 

0 

1 

68    7 

62  00 

63    7 

63  14 

62  66   62    4 

ticle  to,  the  vertical    . 

Velocity  of  the  cable,  in  J 
feet  per  second  .    .    . ) 

11024     ... 

10-20 

9-83 

12-48 

14-02 

15-70 

18-31 

Waste  per  cent,  of  cable) 
payed  out .    .    .    .    .) 

100 

.•* 

61 

39 

36 

29 

24 

18 

It  has  been  proposed  that,  in  order  to  lay  a  cable  safely  in  a 
considerable  depth  of  water,  it  should  be  suffered  to  run  out  freely 
from  a  drum  without  tension,  whilst  the  paying-out  vessel  should 
be  kept  at  the  highest  possible  speed.  An  inspection  of  the  above 
tables  shows  with  what  a  waste  of  cable  such  a  proceeding  would 
be  attended ;  for,  with  the  Atlantic  cable,  and  a  velocity  of  the 
paying-out  vessel  of  15  feet  per  second,  or  about  10  miles  per 


Vertical. 

Horizontal. 

24-201 

3-082 

11-024 

1-404 
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hour,  the  waste  of  cable  woidd  be  41  per  cent.  With  a  light 
cable  it  would  certainly  be  less ;  but  even  with  the  above-men- 
tioned cable,  having  a  specific  gravity  of  1*5,  it  would  be  18  per 
cent,  at  this  high  speed  of  the  ship.  The  above  formulae  also  give 
the  velocity  of  sinking  of  the  cable,  in  a  vertical  and  horizontal 
position,  in  feet  per  minute,  to  be  as  follows : — 

Atlantic  cable 

Light  cable    .         .         .         . 

Lastly,  they  give  the  direction  of  motion  and  velocity  of  the 
end  of  the  cable  in  case  of  fracture,  and  so  may  be  useful  in 
estimating  any  proposed  means  of  catching  it  under  such  circum- 
stances. 

The  waste  consequent  on  the  tendency  to  run  backwards  may 
be  prevented  by  paying  out  the  cable  under  a  certain  amount  of 
tension.  This  naturally  leads  to  an  extension  of  the  same  idea, 
and  gives  rise  to  the  inquiry  before  proposed,  whether  it  be  possible 
so  to  adapt  the  tension  that  a  forward  motion  may  be  given  to 
each  particle  sufiicient  to  cause  the  cable  to  lay  in  a  straight  line 
along  the  bottom,  free  from  tension  on  the  one  hand  and  from 
bends  and  coils  on  the  other. 

Fig.  3. 


If  the  cable  assumes  the  form  of  a  straight  line  A  B  (fig.  3), 

it  is  evident  that  to  bring  it  in  order  to  lie  straight  at  the  bottom 

^e  point  A  must  move  in  the  direction  A  0,  bisecting  the  angle 

Bad,  and  that  each  point  between  A  and  B  must  move  parallel 

t2 
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to  A  0 ;  that  is  to  say,  the  motion  of  every  point  in  the  cable  must 
be  in  a  direction  bisecting  the  angle  formed  by  the  cable  and  the 
horizon,  and  this  condition  may  easily  be  shown  to  be  neces- 
sary whatever  be  the  form  taken  by  the  cable.  (Appendix, 
Problem  III.) 

In  the  case  of  a  straight  line  all  that  would  be  necessary  to 
ascertain  the  tension,  woidd  be  find  what  force  would  bring  an 
inflexible  rod  A  B,  into  the  position  B  0,  against  the  resistance 
of  the  water.  But  there  is  no  reason  h  priori  for  concluding  that 
the  line  of  the  cable  is  straight.  Indeed,  a  little  consideration 
leads  to  an  opposite  conclusion ;  for  if  A  B  is  the  direction  of  the 
cable  sinking  without  tension,  and  a  force  is  applied  at  A,  in  order 
to  compel  A  to  move  forward  so  as  to  arrive  at  0  whilst  it  sinks 
to  the  bottom,  it  is  to  be  expected  that  the  top  part  of  the  cable 
will  be  drawn  forward,  and  assume  some  new  position,  such 
as  A'  a.  Again,  the  tension  in  A  B,  unless  it  vanishes  at  B,  will 
prevent  the  existence  of  an  angle  at  that  point,  and  another 
curve  B'  b  will  result  It  is,  therefore,  necessary  to  ascertain  the 
form  of  the  curve  assumed  by  the  cable  under  tension,  in  order  to 
estimate  the  resistance  of  the  water  to  its  motion ;  and  as  this 
depends  at  any  point  upon  the  inclination  of  the  cable  to  the 
horizon  at  that  point,  the  problem  becomes  somewhat  complicated. 
As  it  is  not  yet  supposed  to  be  known  whether  it  is  possible  to  lay 
the  cable  straight  without  some  amount  of  tension  at  the  bottom, 
it  is  necessary  to  frame  the  equations  on  the  supposition  of  such  a 
tension  existing,  and  by  making  it  =  0  in  the  final  result  the 
effect  will  then  be  known.  The  problem  to  be  solved,  then,  is  to 
find  the  equation  to  the-  curve  A'  B'.  The  simplest  mode  of  pro- 
ceeding seems  to  be  to  consider  the  cable  and  the  ship  at  rest, 
and  the  water  moving,  not  horizontally,  nor  in  any  one  direction, 
but  in  such  a  manner  that  its  direction  at  any  point  P  bisects  the 
angle  made  at  P  by  the  cable  and  the  horizon,  and  with  a  velocity 
equal  to  the  actual  velocity  of  the  point  P  in  that  same  direction. 

This  mode  of  considering  the  question  enables  it  to  be  treated 
statically  as  regards  the  form  of  the  curve ;  and  the  following  are 
the  forces : — 

1.  Its  own  weight  in  water,  acting  vertically. 
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2.  The  tension  of  the  vessel,  acting  in  the-  direction  of  the 

curve  at  the  surface  of  the  water. 

3.  The  tension  at  the  bottom,  acting  horizontally  in  a  direc- 

tion opposite  the  motion  of  the  vessel. 

4.  The  resistance  of  the  water,  acting  at  every  point  .of  the 

cable,  in  a  direction  bisecting  the  angle  formed  at  that 
point  by  the  cable  and  the  horizon. 

5.  The  friction  of  the  water  on  the  cable. 

By  resolving  these  forces  into  vertical  and  horizontal  com- 
ponents, differential  equations  are  obtained,  and  from  them  is 
deduced  the  folloyring  expressions : — 

1 10  a  


J  12  mA/  1  +  -J  —  w  —  Vvfl  +  4 


n^ 


V'^y 


2  mA /I  -f  -o  —  w;+  Vui^  A-  irrfi 


V 


2m  —  t^  H-  ^^^  +  4m^ 
2m  —  t^  —  ^ic^  +  4m^ 

This,  it  will  be  observed,  is  not  an  equation  between  ^  and  y, 
^Ut  between  a  and  p  =z  -~-y  or  the  cotangent  of  the  angle  formed 

^y  the  curve  and  the  ordinate  corresponding  to  the  abscissa  a ; 
^Ut  from  it  the  form  of  the  curve  may  be  found,  without  further 
integration,  which  would  be  required  to  obtain  the  ordinate  in 
teitns  of  the  abscissa,  and  would  be  very  complicated,  if  not 
"^^practicable.  It  is  shown,  in  the  Appendix,  that  the  effect  of 
increasing  the  friction  of  the  cable  is  to  diminish  the  radius  of 
^^Urature  near  the  bottom.  In  the  case  of  friction  being  dis- 
regarded, the  equation  above  given  has  been  integrated,  and  x 
^l>tained  in  terms  of  y.  It  is  farther  shown,  that  if  the  ten- 
don at  the  bottom  be  =  zero,  the  cable  takes  the  form  of  a 
straight  line. 
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Having  thus  ^hown  tliat  it  is  quite  possible  to  lay  the  cable 
straight  along  the  bottom,  the  Authors  proceed  to  investigate  the 
amount  of  the  tension,  which  forms  the  second  head  of  the  inquiry. 

11.  What  dbgbbb  of  tension  is  required  in  paying  out,  so 

AS  TO  LAY  THE  CaBLE  STRAIGHT  ? 

The  general  differential  equation  of  the  tension  cannot  be  exactly 
integrated;  but  the  supposition  upon  which  the  integration  has 
been  effected  is  one  that  will  not  materially  influence  the  result, 
and  in  fact  becomes  strictly  true,  if  the  tension  at  the  bottom 
be  =  0. 

The  equation  is — 

*^.n(f>.j^n\     ^  (1  -  cos  Kf 
^  '  sm  A 

It  shows  that  the  tension  at  any  point  is 'equal  to  the  weight  in 
water  of  a  length  of  cable  equal  to  the  depth  of  the  water  below 
that  point,  plus  the  tension  at  the  bottom,  less  an  amount  due  to 
the  friction  of  the  water  against  the  cable. 
The  next  heads  of  the  inquiry  are : — 

III.  What  is  the  effect  on  the  Cable,  as  regards  strain,-  of 

VARYING? 

(a.)  The  depth  of  the  water, 

(6.)  The  specific  gravity  of  the  cable,  and 

(o.)  The  velocity  of  the  paying-out  vessel? 

IV.  What  are  the  relative  velocities  of  the  Cable  and  of 

THE  paying-out  VeSSEL,  REQUISITE  TO  REDUCE  THE  STRAIN, 
OR  TENSION,  TO  ANY  GIVEN  AMOUNT,  AND  WHAT  WILL  BE  THE 
CONSEQUENT  WASTE  OF  CaBLE  ? 

These  questions  being  connected  in  their  nature,  are  considered 
together. 

It  is  evident,  from  the  above  equation,  that  the  tension  increases 
uniformly  as  the  depth,  and  as  the  weight  of  the  cable  in  water ; 
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from  which  it  follows  that  the  less  the  specific  gravity  of  the  cable 
the  less  is  the  risk  from  overstrain.  It  is  further  apparent  that 
the  strain  is  diminished  by  any  increase  of  the  co-eflScient  {mf)  of 
friction,  and  it  is  therefore  a  subject  for  inquiry  how  far  this  can 
be  practically  accomplished.  This  question  comes  properly  under 
the  tenth  head  of  the  inquiry,  and  it  is,  therefore,  laid  aside  for 
the  present* 

Another  method  of  diminishing  the  tension  is  by  increasing  the 
velocity  of  paying-out  beyond  that  of  the  paying-out  vessel.  The 
effect  of  this  is  investigated  in  the  Appendix,  where  it  is  shown 
ihat  if 

V  be  the  velocity  of  the  cable, 

V  that  of  the  ship,  the  tension 


ml cos  A  I 

=:  Wa  —        > L — 


sin  A 

.from  which  the  values  of  ^  may  be  found  for  any  values  of  a,  t?, 

and  V.    These  values  have  been  calculated  for  two  cables,  viV. 

the  Atlantic,  and  one  of  a  specific  graviiy  of  1'50,    and  tables 

^e  given,  showing  for  each  the  decrease  of  tension  attendant  upon 

increased  ratios  of  the  speed  of  the  cable  to  that  of  the  ship. 

These  results  are  exhibited  in  figs.  4  and  5.      In  fig.   4   the 

'Vertical  column  on  the  left  shows  the  tension  of  the  cable  m  lbs., 

the  numbers  at  the  top  show  the  rate  of  the  paying-out  vessel,  and 

the  ratio  at  the  end  of  each  curved  line  is  that  which  the  velocity 

^f  the  cable  bears  to  that  of  the  vessel.     The  upper  series  of  curves 

^©fer  to  the  Atlantic  cable,  and  the  lower  series  to  the  light  one. 

•f^   fig.  5,  which  refers  to  the  Atlantic  cable  only,  the  number  at 

t^he  end  of  each  curve  is  the  rate  of  the  vessel  in  feet  per  second ; 

tihe  ratio  at  the  top  is  that  of  the  velocity  of  the  cable  to  that  of 

^o  vessel,  and  the  numbers  at  the  left  side  show  the  corresponding 

^Hsion.      it  is  found  that  the  diminution  of  tension  due  to  an 

• 

^^creased  rate  of  paying  out  is  comparatively  small,  unless  the 
^^lociiy  of  ihe  ship  itself  is  considerable.  In  fact,  the  decrease  of 
*^^ion,  arising  from  letting  the  Atlantic  cable  run  out  at  twice  the 
*P^ed  of  the  ship,  is  when  the — 
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If 

■ 

I — I — 1 — I — \ — I — I — I — 

i  I      I     I      I      i      I      ° 


Speed  of  the  ahip  is  4  feet  per  second,  251  lbs.  =    6^  per  o 

„  „  6  „  622  „     =  16         „ 

„  „  8  „  1,301  „     =  34        „ 

„  „  10  ,  2,393  „     =  62        „ 

and  at  12  feet  per  second  the  teniiou  would  bejiU. 
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Again,  if  the  speed  of  iixe  cable  is  only  one-fourth  greatei 
at  of  the  ship,  the  decresise  of  tension  is,  when  the 


Speed  of  the  ship  is  4  feet  pei 


second,  32  lbs.  =  0'8  per  cent. 

69  „     =   1-8       „ 

117  „     =  3-0       „ 

192  „     =  5-0      „ 

299  „     =  7-8      „ 


Fig.  S. 
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Taking  the  light  cable,  it  appears  that  if  the  velocity  of  the  cable 
"  one-fourth  greater  than  that  of  the  ship,  the  decrease  of  tension 
"*»  when  the 
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Speed  of  the  ship  is  4  feet  per  second,  30  lbs.  =     3*7  per  cent. 
„  „  6  „  78  „     =     9-8         „ 

8  „  166  „     =  20-8        „ 

10  „  318  „     =  39-9         „ 

„  „  12  „  546  „     =  63-9         „ 

From  this  it  appears  that  the  relief  obtained  by  this  method  of 
decreasing  the  tension  is,  at  the  ordinary  velocity  of  paying  out, 
very  inconsiderable ;  whilst  the  waste  of  cable  is  very  great.  It 
is  submitted  that  the  true  remedy  for  the  evil  of  great  tension 
is  the  employment  of  a  cable  of  small  specific  graviiy.  If,  for 
instance,  the  two  cables  above  mentioned  are  taken,  it  is  seen 
that  there  is  a  remarkable  difference  in  the  tension,  the  light 
cable  having  a  tension,  in  2,000  fathoms,  of  879  lbs.,  against 
3,849  lbs.  in  the  case  of  the  Atlantic  cable.  It  is  further  to  be 
observed,  that  so  long  as  the  velocity  of  paying  out  does  not 
exceed  that  of  the  ship,  no  advantage  is  derived  from  increasing 
the  speed  of  the  ship,  but  that,  on  the  contrary,  a  slight  increase 
of  tension  must  result.  The  great  waste  of  cable  attendant  on  a 
slight  deficiency  of  tension,  as  indicated  by  these  tables,  seems  to 
point  to  the  desirability  of  laying  cables  with  some  moderate 
amount  of  tension  at  the  bottom;  because  it  is  evident  that  a 
very  moderate  increase  in  the  depth  of  the  water  would  be  attended 
with  a  great  waste  of  cable.  K,  for  instance,  the  ship  was  moving 
with  a  velocity  of  6  feet  per  second,  the  tension  on  the  cable,  at  a 
depth  of  2,000  fathoms,  would  be  3,849  lbs.  If,  now,  the  depth 
is  increased  by  100  fathoms,  the  increase  of  tension  due  to  this 
depth  would  be  about  190  lbs.  In  order  to  balance  this,  the  same 
extra  resistance  must  either  be  applied  by  the  breaks,  or  the  cable 
must  run  out  at  a  velocity  one-half  greater  than  that  of  the  ship, 
or  at  9  feet  per  second,  and  consequently  with  a  waste  of  33  per 
cent.  In  the  case  of  the  light  cable,  a  similar  increase  of  depth 
would,  if  not  resisted  by  the  breaks,  give  rise  to  a  velocily  of  cable 
of  about  7^^  feet  per  second,  thus  involving  a  waste  of  16  J  per 
cent,  of  the  cable.  These  tables  will  serve  to  account  for  the 
sudden  increase  of  velocity  which  has  been  mentioned  in  laying 
heavy  cables,  when  the  depth  of  water  has  increased ;  and  they 
show  how  desirable  it  is  to  be  prepared  with  the  fullest  information 
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respecting  the  depth  to  be  traversed,  and  to  have  in  readiness 
efficient  means,  under  the  control  of  vigilant  and  intelligent 
men,  so  that  by  a  proper  and  gradual  increase  of  resistance  by 
the  breaks,  the  cable  may  be  prevented  from  acquiring  any  undue 
vebcily. 

V.  What  is  the  effect  of  Currents,  and  the  consequent 

Waste  of  Cable? 

The  depth  to  which  the  ocean  currents  extend,  their  breadth  and 
iheir  velocity,  are  difficult  to  ascertain;  but  the  Authors  enter 
upon  this  part  of  the  subject  in  the  hope  that  their  investigations 
wifl  be  of  practical  advantage,  in  so  far  as  they  serve  to  point  out 
the  danger  and  inutilily  of  attempting  to  check  the  running  out  of 
cable  due  to  a  current.  The  action  of  currents  upon  a  cable 
increases  with  the  length  exposed  at  any  moment  of  time,  and  as 
flie  extent  of  the  currents  is  much  greater  horizontally  than 
vertically  it  is  obviously  desirable  that  the  cable  should  traverse 
ihem  in  the  shortest  possible  direction  consistent  with  other 
necessary  conditions.  In  this  respect  then  a  heavy  cable  is  to  'be 
preferred,  as  it  descends  at  a  higher  angle ;  and  it  is  worthy  of 
consideration  how^  far  it  may  be  practicable  to  increase  the  velocity 
of  sinking  by  attaching  weights  to  the  cable  whilst  passing 
through  a  current.  This,  the  Authors  think,  may  be  accomplished 
without  much  difficulty ;  but  before  giving  any  opinion  upon  its 
desirability  they  prefer  to  examine  what  would  be  the  approxi- 
^nate  loss  which  a  current  of  a  given  extent  and  velocity  might 
occasion. 

Let  figs.  6  and  7  represent  a  ground-plan  and  section  of  the 
ship's  course,  A  A^  A^,,  fig.  6,  and  of  the  position  of  the  cable 
A.'  B',  fig.  7,  and  let  the  commencement  of  the  current  be  at  X  Y. 
When  the  ship  moves  past  A'  it  will,  unless  prevented,  drift  with 
the  current  in  some  direction  such  as  A^  a  (fig.  6),  and  the  first 
effect  will  be  to  give  the  sinking  cable  an  apparent  motion  in  a 
contrary  direction ;  but  after  the  action  of  the  current  comes  upon 
the.whole  suspended  portion  of  the  cable  it  will  go  on  depositing 
^  the  altered  line  of  the  ship's  course,  as  if  no  current  existed. 
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But  if  the  ship  is  kept  to  a  true  course  the  action  will  be  entirely 
different ;  and  it  is  now  to  be  considered  what  would  be  the  eflkt. 
on  the  cable^  as  regards  running  out  and  tension.     If  the  oorrent 


Fig.  6. 


Fig.  7. 


flows  with  such  a  velocity  as  to  move  a  cable  laterally,  to  a  distance 
represented  by  the  line  d  d'  c!'\  whilst  it  sinks  from  A'  A"  to 
B'  B'^,  and  if  the  lateral  resistance  of  the  water  behind  XYis 
neglected,  the  cable  would  come  into  the  position  A  c',  a  straight 
line  along  the  bottom  equal  in  length  to  A'  B'.  If,  on  the  other 
hand,  the  lateral  resistance  behind  X  Y  is  very  great,  the  cable 
will  take  a  direction  approaching  to  A  A,  c'  \  but  since  at  the 
velocity  of  any  ordinary  current  the  resistance  would  be  small, 
and  since,  also,  the  transition  from  still  water  to  current  would  be 
gradual,  the  line  A  d  may  be  taken  as  virtually  a  straight  line. 
The  distance  to  which  a  current  would  transport  a  particle  freely 
suspended  is  that  due  to  the  velocity  of  the  current  itself.  Since 
there  is  no  tension  at  the  bottom,  the  cable,  at  that  depth,  would  be 
free  to  move  laterally  with  the  current,  and  the  whole  cable  wouli 
assume  a  diagonal  position  from  some  point  at  the  bottom,  such  as 
(/',  to  the  ship  at  K,^,  When  the  ship  has  arrived  at  A^,,  the 
distance  from  A,  due  to  its  velocity  whilst  the  cable  is  sinking,  tb^ 
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cable  will  be  in  the  following  position :  A  c'  c"  along  tlic  bottom, 
aod  from  c"  to  K„  rising  at  ita  usual  angle  to  the  horizon,  the 
pwjectiou  of  thia  pai-t  in  the  horizontal  plane  being  represented 
by  c"  A^,  (fig,  6).  Tlie  extra  length  of  cable  which  must  be  paid 
out  whilst  the  ship  moves  from  A  to  A^  is  shown  in  the  Appendix, 
loblem  v.,  to  be  given  by  the  formula 


•„._,=  +  „.,a(._^^--;i-)}. 

r  this  there  is  no  further  waste  of  cable,  because  the  sua- 
pded  portion  if  A„  then  moves  on   parallel  to  itself,  and  the 

pomt  c"  moves  forward  parallel  fo,  and  at  the  same  velocity  as, 
the  ship  at  A". 

In  order  to  give  some  idea  of  the  amount  of  waste  under  the 
action  of  a  current,  it  has  been  calculated  that  for  a  current  of 
100  fathoms  deep,  running  at  right  angles  to  the  ship's  course,  at 
a  velocity  of  I^  foot  per  second,  the  ship  moving  at  the  rat©  of 
6  feet  per  second,  the  wa,ste  of  the  Atlantic  cable  would  be  14 
f&tboma,  and  of  light  cable  28  fatlioma.  This  shows  a  slight 
advantage,  in  this  respect,  in  using  the  heavy  cable,  which  descends 
at  an  angle  of  28°  45',  as  compai-ed  with  the  light  cable,  descend- 
ing at  an  angle  of  13°  '21'.  It  should  be  observed,  that  practically 
the  ultimate  waste  would  not  be  quite  so  great,  because  a  portion 
of  it  would  be  recovered  on  quitting  the  current. 

The  next  point  for  investigation  is  the  amount  of  strain  due  to 
tlie  action  of  the  current.  In  order  to  arrive  at  this  it  is  shown  in 
the  Appendix,  Problem  VI.,  that  the  curve  aaaumed  by  a  ilexible 
line  stretched  across  a  current  is  a  catenary,  but  differing  from  the 
uoTQmon  catenary  in  this,  that  the  tension  is  constant  throughout. 
Now,  any  tension  wliieh  may  come  upon  the  cable  from  the  action 
of  the  current  must  follow  this  law,  and  from  this  fact  two  remark- 
sble  results  proceed,  viz.,  that  the  current  produces  no  catenarian 
»tnun  upon  the  cable  and  that  the  line  from  c"  to  A„  is  a  straight 
line.  For,  in  the  first  place,  there  is  no  tension  at  the  bottom  j 
lint  by  the  nature  of  the  cur\'G,  if  it  is  a  curve,  the  teraion  is 
wtiiatant,  consequently  it  has  the  same  value  at  the  top  as  at  the 
wttom,  where  it  is  evidently  zero.     Again,  if  it  is  not  a  straight 
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line,  but  a  curve,  it  must  be  a  catenary ;  but  it  cannot  be  a  catenur 
without  tension  at  the  bottom ;  and  as  there  is  no  tension  at  ib 
bottom,  consequently  the  line  is  not  a  catenary  but  a  straight  line 
That  there  is  no  tension  at  the  bottom  is  one  of  the  conditions  o 
the  problem ;  and  it  is  evident  that  it  must  be  so,  because  if  ill* 
velocity  of  the  cable  exceeds,  by  ever  so  little,  the  velociiy  of  tin 
ship,  the  cable  must  be  deposited  in  folds,  or  coils,  and  consequenti; 
without  tension. 

The  same  reasoning  will  apply  to  the  case  of  a  current  whoa 
depth  is  less  than  the  total  depth  of  the  water ;  because  each  par 
tide  after  passing  through  the  current  descends  through  the  rest  o: 
its  course  without  any  iurther  lateral  deflection,  beyond  what  is  du( 
to  the  portion  above  it  in  the  current. 

The  result,  that  a  current  causes  no  catenarian  strain  on  tii( 
cable,  is  an  important  one,  and  removes  what  appeared,  for  a  lonj 
time,  to  the  minds  of  the  Authors,  an  objection  to  light  cables 
whose  sole  disadvantage  now  appears  to  be  confined  to  a  little  extrt 
waste  on  entering  currents. 

If,  however,  dm'ing  the  passage  through  a  current,  the  paying 
out  is  stopped,  or  retarded,  a  strain  will  immediately  arise,  for  tb< 
cable  will  then  take  the  catenarian  form  from  d'  to  A^^.  TJndei 
these  circumstances  the  strain  may  be  calculated,  as  shown  in  ti« 
Appendix,  Problem  VI.,  and  will  be  additive  to  the  vertical  straii 
arising  from  the  weight.  A  slight  additional  strain  is  brough 
upon  a  cable  by  a  current  caused  by  the  friction  of  the  water,  bui 
it  is  so  slight  that  practically  it  may  be  disregarded.  The  methoc 
of  estimating  this  is  given  in  the  Appendix,  Problem  VIL,  and  the 
amount  is  shown  to  be  quite  insignificant 

VI.    How  FAR  IS  IT  NECESSARY  AND  SAFE  TO  CHECK  THE  VeLOCIT^ 
OF  PAYING  OUT  IN  PASSING  CURRENTS,  SO  AS  TO  AVOID,  AS  FA^ 

AS  POSSIBLE,  Waste  of  Cable  ? 

Since  the  waste  of  cable  is  confined  to  the  first  entrance  into  ti 
current,  it  would  seem  advisable  not  to  check  it  by  increasing  tt 
tension,  for  the  amount  lost  must,  under  ordinary  circumstance' 
be  very  inconsiderable,  even  with  a  much  lighter  cable  than  tJ 
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Atlantic  cable.  For  instance,  if  the  current  of  the  Gulf  Stream  is 
assumed  to  extend  to  a  depth  of  200  fathoms,  which  is  probably 
beyond  the  truth,  and  to  flow  with  a  velocity  of  1  ^  foot  per  second, 
and  if  the  rate  of  the  paying-out  vessel  is  6  feet  per  second,  the 
waste  of  cable,  of  the  specific  gravity  of  the  Atlantic  cable,  would 
not  be  more  than  28  fathoms ;  and  this  is,  as  shown  above,  inde- 
pendent of  the  width  of  the  stream,  and  only  occurs  at  the  first 
entrance  upon  it.  Again,  in  the  case  of  a  much  lighter  cable, 
having  a  specific  gravity  of  1*5,  the  waste  would  not  be  more  than 
56  fathoms,  and  this  might  be  diminished,  by  attaching  sinkers,  if 
desired.  It  is  therefore,  maintained,  that  any  attempt  to  check  the 
nmning  of  the  cable  due  to  a  current,  by  an  increase  of  tension,  is 
alike  injudicious  and  unnecessary. 

VIL   Is  IT  SAFE,  AND,  IF  SO,  UNDER  WHAT  CIRCUMSTANCES,  TO  STOP 
THE  PAYING  OUT,  AND  TO  ATTEMPT  TO  HAUL  IN  THE  CaBLE  FROM 

GREAT  Depths  ? 

In  order  to  solve  this  question  it  is  necessary  to  find  the  curve 
which  the  cable  will  assume  when  the  paying-out  is  stopped,  and 
fhen  to  calculate  the  tension  at  the  vessel.  It  is  evident,  that  the 
curve  is  the  common  catenary.  Let  A  B  (fig.  8)  represent  the 
position  of  the  cable  at  any  moment  of  time  during  the  paying 
out,  and  let  the  ship  and  the  paying  out  stop  simultaneously.  The 
cable  which  was  in  the  position  ABC  will  imnaediately  begin  to 

Fig.  8. 


^  at  B,  and  to  assume  a  catenarian  form.     It  is  shown  in  the 
Appendix,  Problem  VIII.,  that  the  following  relations  subsist : — 


^ 
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X  sm  a 


w  oiii  u,  /-5 5  w  cos  a    ,  cos  a 

1 =  5  —  V  5-*  —  «2  4-  , loff  = ; 

1  —  cos  X  1  —  cos  a     °  1  —  sm  a 

and 

when  ^,  y,  and  5  are  the  respective  abscissa,  ordinate,  and  length 
of  the  curve,  a  the  angle  formed  with  it  and  the  surface,  and  a 
the  tension  at  the  bottom.  Having  obtained  the  value  of  a,  the 
total  tension  is  equal  to  a  weight  of  cable  of  the  depth  x  plus  a. 

The  following  tables  have  been  calculated  from  the  Formula  5, 
Problem  VIII.,  to  show  the  amount  of  strain  which  would  be 
brought  upon  the  cable  by  a  stoppage  of  the  paying-out  appa- 
ratus, in  a  depth  of  water  of  2,000  fathoms,  and  also  the  length 
which  must  be  paid  out,  if  the  ship  is  stopped,  in  order  to  produce 
a  minimum  tension : — 

Atlantic  Cable. 


Velocity  of  the  ship  in  feet  per) 
second J 

Tension  in  lbs.  when  the  cable) 
is  stopped I 

Length  to  run  out  for  minimum  \ 
tension,  in  case  of  stoppage  ;i 
and  distance  to  move  back,  tol 
bring  the  cable  vertical,  m\ 
feet / 


8,624    16,736 


7,426    8,924 


8 

10 

12 

25,760 

38,050 

54,460 

9,689 

10,140 

10,459 

16 
83,100 


10,767 


Light  Cable. 


Velocity  of  the  ship  in  feet  per) 
second ) 

Tension  in  lbs.  when  the  cable ) 
is  stopped    .    .    .    . '  .    .    .\ 

Length  in  run  out  for  minimum 
tension,  in  case  of  stoppage  ; 
and  distance  to  move  back,  to 
bring  the  cable  vertical,  in 
feet 


6,328   13,140 


9,892  1 10,096 


8 


10 


23,880  35,990 


12 


62,630 


16,947  11,168  11,296 


16 
79,111 

11,437 


From  these  tables  it  appears  that  the  result  of  a  stoppage  of 
the  paying-out  apparatus,  in  a  depth  of  2,000  fathoms,  whilst  tho 
vessel  was  proceeding  at  the  rate  of  6  feet  per  second,  would  be  to 
bring  the  following  strains  on  the  cables : — 
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Atlantic  cable 140^  cwt. 

Light  cable llTJcwt. 

The  time  in  which  the  change  of  form  would  take  place  would 
be  a  difficult  problem  to  determine,  but  it  might  be  considerably- 
less  than  the  hypothesis  above  stated  would  give,  because  the  ship 
could  not  be  stopped  instantaneously,  although  the  paying-out 
might  be  so  arrested,  through  an  accident  to  the  apparatus.  The 
ultimate  form  of  the  cable  would  be  the  same ;  but  the  time  being 
less  the  danger  would  be  greater.  If,  then,  it  is  necessary  to  stop 
the  paying-out,  or  if  any  accident  should  occur,  involving  the 
stoppage  of  the  papng-out  apparatus,  the  engines  ought  to  be 
immediately  reversed,  and  the  ship  be  backed,  as  quickly  as  pos- 
sible, until  it  has  arrived  at  a  position  which  will  allow  the  cable 
to  hang  vertically  from  the  stern.  Again,  if  it  is  requisite  to  stop 
to  repair  any  part  of  the  cable,  or  to  splice  it,  the  ship  should  be 
put  into  the  same  position  before  stopping  the  paying-out.  The 
distances  to  be  moved  back  are  given  in  the  above  tables.  In 
attempting  to  haul  in,  the  same  relative  position  of  the  ship  and 
the  cable  should  be  maintained  throughout  the  operation,  which 
might  perhaps  be  accomplished  by  reversing  the  ship's  course, 
when  the  cable  has  taken  a  vertical  position,  and  then  moving 
backwards  at  the  same  rate  as  the  cable  is  hauled  in.  This  opera- 
tion cannot  be  regarded  as  otherwise  than  hazardous  in  great 
depths  of  water,  on  account  of  the  practical  difficulty  of  keeping 
the  vessel  vertically  above  the  cable ;  for  it  is  evident  that  any 
departure  from  that  position  must  give  rise  to  a  catenarian  strain ; 
and  any  considerable  amount  of  this,  especially  in  a  rough  sea, 
would  undoubtedly  prove  fatal. 

VIII.  What  is  the  effect  of  the  Vessel  pitching  in  a 

Heavy  Sea  ? 

The  Authors  are  of  opinion,  that  if  the  paying-out  apparatus  is 
not  too  heavy,  and  if  it  works  freely,  no  danger  need  be  appre- 
hended from  its  use.  Whilst  the  vessel's  stem  is  rising,  the  cable 
will  be  drawn  out  more  quickly,  and  whilst  falling,  more  slowly, 
than  its  ordinary  rate ;  but  no  extra  tension  will  arise,  except  that 

VOL.  V.  u 
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due  to  the  inertia  of  the  paying-out  drums,  and  of  the  cable  upon 
them.  The  amount  of  this  it  would  not  be  difficult  to  estumte, 
knowing  the  details  of  the  apparatus  and  the  form  and  velocity  of 
the  wave ;  but  into  this  it  is  unnecessary  to  enter,  farther  than  to 
remark  that  it  furnishes  an  argument  for  a  light  and  free-worldDg 
apparatus.  It  is  true  that  the  vertical  rise  of  the  ship's  stem 
would,  to  some  extent,  cfdl  into  action  the  catenarian  stnun,  bnt 
only  so  &r  as  the  paying-out  was  influenced  by  the  causes  just 
mentioned.  If  the  paying-out  was  retarded,  or  even  entirdj 
stopped,  the  only  effect  on  the  cable  would  be  to  increase  the 
abscissa  of  the  catenary  by  the  amount  due  to  half  the  height  of 
the  wave,  an  amount  quite  inconsiderable,  in  proportion  to  the 
whole  catenarian  strain,  in  such  depths  as  from  1,000  fiithoms  to 
2,000  fathoms. 

IX.  What  are  the  Desiderata  in  the  Payinq-out  Apparatus? 

With  reference  to  the  paying-out  apparatus  the  Authors  would 
limit  themselves  to  the  expression  of  an  opinion  of  what  ought  to 
be  its  characteristics.  The  principal  one  is,  that  its  inertia  shall 
be  as  small  as  possible ;  and  this  affords  an  argument  against  the 
views  of  those  who  advocate  the  use  of  drums,  upon  which  the 
cable  should  be  coiled.  Another  suggestion  has  been  to  coil  the 
cable  upon  a  huge  turn-table ;  but  if  either  of  these  plans  were 
practicable  it  would  still  be  liable  to  the  objection  that  the  inertia 
of  the  mass  would  be  so  great  that  the  effect  of  the  pitching  of  the 
vessel  would  then  be  felt  upon  the  cable  almost  as  much  as  if  the 
rate  of  paying-out  was  kept  strictly  uniform.  The  only  argument 
in  favour  of  such  plans  is  the  prevention  of  kinks ;  but  it  does  not 
appear  that  any  difficulty  arose  from  this  cause  in  the  paying-ont 
of  the  Atlantic  cable.  A  very  important  part  of  the  paying-ont 
apparatus  is  the  break,  and  its  essential  characteristic  should  be  the 
impossibility  of  any  strain  arising  from  it,  under  any  circumstance) 
beyond  that  which  is  intentionally  imposed.  No  increase  of 
velocity  should  produce  increase  of  strain,  and  it  is  only  by  this 
condition  being  rigidly  adhered  to  that  such  operations  can  b« 
conducted  with  safety.      The  Authors  urge  this  point  the  mot* 
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earnestly,  as  they  caD  only  account  for  the  feilure  of  the  late 
attempt  on  the  hypothoais  of  the  paying-ont  apparatus  having  in 
Bome  way  got  out  of  order  and  a  strain  having  arisen  far  beyond 
Buit  recorded  by  the  indicator.  5^e  cable  was  eaid  to  be  running 
Kt  freely,  the  tension  indicated  was  under  4,000  lbs.,  and  yet  it 
^rted,  although  the  actual  strength  is  given  as  not  less  than 
4^  tons.  It  is  not  stated  where  the  cable  parted,  but  it  is  the 
opinion  of  the  Authors  that  the  stoppage  of  the  paying-out  appa- 
ratus was  the  cause,  and  not  the  consequence,  of  its  parting,  for 
it  has  already  been  shown  that  such  a  stoppage  would,  in  this 
instance,  bring  an  ultimate  strain  of  7  tons  up(m  the  cable. 

^-X.  What  would  be  the  effect  of  Floats,  or  Resisters  ? 

'Floats,  buoys,  and  resiaters  have  severally  been  proposed  as  a 

IS  of  diminishing  the  risk  from  tension.     The  action  of  the 

ler  would   be  better  accomplished   by  using  a  cable  of  loss 

lifio  gravity,  because  then  the  relief  would  not  be  partial,  but 

luld  be  felt  at  every  point.     It  has  been  shown  that  the  angle 

sinking  has  no  effect  on  the  tension  except  in  so  far  as  this  is 

modified  by  the  friction  of  tlie  water,  and  therefore  the  mere  action 

of  floats,  as  tending  to  keep  the  cable  more  horizontal,  goes  for 

He.     Their  only  use  would  be  to  reduce,  virtually,  the  specific 

»vity  of  the  cable. 

Hesisters  would  act  in  relief  of  the  tension,  and  be  equivalent  to 
sreasing  the  coefficient  m'  in  the  equations.  Possibly,  it  might 
practicable  so  to  apply  them  as  to  make  the  tension  equal  to 
0 ;  but  the  length  to  which  this  Paper  has  extended  does  not 
nnit  the  Authors  to  enter  further  into  tbe  detail  of  such  an 
nmgemeut. 

The  next  question  which  the  Authors  have  proposed  is — 

iL  What  abb  the  Best  Means  for  sAviNa  the  Cable,  m  case 
OP  Fhaotdre  ? 

In  spite  of  every  precaution,  and  the  most  complete  and  woll- 
Srised  system  of  paying-out  apparatus,  some  accident  may  occur, 
in  when  the  task  is  all  but  accomplished,  resulting  in  dela.7,  Kcii 
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the  loss,  probably,  of  the  cable  itself.  A  fracture  may  take  pla,c5< 
from  some  unlooked-for  accident  even  when  within  a  few  miles  oi 
the  destination,  and  2,000  miles  of  cable  Ue  uselessly,  and  perhaps 
irrecoverably,  at  the  bottom  of  the  sea. 

A  simple  and  effective  plan  for  recovering  the  end  of  the  cabb 
is  therefore  a  very  important  subject  for  consideration.  The 
arrangement  about  to  be  described  appears  to  the  Authors  likely 
to  succeed  in  securing  the  end  of  the  cable  in  case  of  fracture. 
It  is  proposed  that  a  second  vessel  shall  follow  in  the  wake  of 
the  paying-out  vessel,  at  such  a  distance  that  it  may  always 
be  about  200  fathoms  above  the  cable.  From  this  vessel  is 
to  be  suspended  a  link,  through  which  the  cable  should  pass 
freely.  This  link  should  be  suspended  in  such  a  manner  that, 
at  any  moment,  upon  a  signal  being  given  from  the  paying-ont 
vessel,  it  might  be  reversed,  or  caused  to  rotate  in  a  vertical  plane, 
so  as  to  make  a  single,  double,  or  threefold  hitch  in  the  cable. 
By  this  means  the  further  passage  of  the  cable  through  the  link 
would  be  arrested.  The  link  and  cable  are  then  to  be  lowered  to 
the  bottom,  and  the  following  vessel  is  to  put  about,  and  be  moved 
gently  in  the  opposite  direction,  at  such  a  rate  as  to  insure  the  link 
and  the  table  attached  to  it  rising  vertically  to  the  surface,  when 
the  link  is  hauled  up. 

This  is  best  illustrated  by  fig.  9,  in  wliich  A  and  B  are  the 

Fig.  9. 


ordinary  positions  of  the  vessels,  and  A  C  D  the  line  of  cable,  ^ 
being  the  link.  When  the  link  is  reversed  the  motion  of  the  cab'^ 
through  C  is  momentarily  arrested,  and  the  portion  of  the  cabl^ 
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A  C  comes  into  some  positioo  such  as  0  E ;  the  link  C  is  then 
lowered  to  F.  Then  the  vessel  B  is  turned  round,  and  goes 
slowlj  back  to  G,  during  which  time  the  link  is  gradually  raised, 
and  finally  the  cable  is  brought  into  the  position  G-  H,  where  it 
may  be  spliced,  and  the  paying-out  proceed  as  before.  The  form 
of  the  link  and  the  method  by  which  it  is  proposed  to  make  it 
rotate  are  shown  in  fig.  lO,  in  which  D  D  are  two  drums  of  cast- 
iron,  connected  by  an  intermediate  piece  B  B,  forming  the  link 
through  which  the  cable  passes.  The  whole  is  suspended  by  wire 
ropes  C  C,  which  are  ooiled  round  each  druu"  in  such  a  manner 
that  when  C  is  hauled  up  C  descends,  and  thus  the  drums  and 
link  are  caused  to  rotate,  and  the  cable  is  jammed  between  the 
cheeks  B  B  by  aa  many  turns  of  the  apparatus  as  may  be  deemed 


The   strain   on  tho  cable   being   greatest  at  A  (fig.  9),  it  i 

Fig.  10. 


probable  that  the  fracture  would  take  place  near  that  point,  and 
V  the  formula  given  m  the  Appendix  it  is  easy  to  calculate  the 
direction  of  motion  of  the  point  A,  which  would  not  be  vertical, 
bat  in  an  oblique  direction,  shown  by  tho  dotted  line  A  K. 
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For  greater  security  two  or  more  following  vessels  might  be 
employed,  each  carrying  its  check-link  suspended  at  the  depth  due 
to  its  position. 

The  Authors,  whilst  suggesting  the  above  plan,  freely  admit 
that  it  is  open  to  olgection.  Indeed  they  feel  strongly  that  any 
apparatus  connected  with  the  cable  after  it  leaves  the  paying-out 
vessel  is  undesirable,  as  introducing  another  possible  cause  of 
accident  from  some  unforeseen  derangement  or  unlooked-for 
neglect. 

The  objections  which  occur  to  them,  to  the  apparatus  abovp 
described,  will  now  be  pointed  out,  and  it  must  be  left  to  others 
to  decide  whether  they  are  of  sufficient  importance  to  lead  to  the 
rejection  of  the  plan.    First,  there  is  a  possibility  of  the  cable 
fouling,  either  with  the  suspended  drums  or  with  the  suspending- 
ropes.     This  may  be  guarded  against  by  care  in  paying-out,  so  as 
not  to  allow  the  cable  too  much  slack.    The  risk  of  the  catching 
apparatus  twisting  may,  the  Authors  think,  be  avoided  by  the 
suspending-ropes  being  brought  up  to  the  opposite  sides  of  the 
following-vessel,  so  that  any  tendency  to  twist  would  be  resisted, 
on  the  principle  of  the  bifilar  mode  of  suspension  in  the  torsion 
balance.     Secondly,  a  danger  might  occur  if  a  kink  went  over- 
board.    This,  perhaps,  might  be  met  by  increasing  the  opening 
through  the  link  between  the  drums  so  as  to  allow  a  kink  to  pass; 
but,  if  not,  it  does  not  follow  that  a  fracture  would  take  place. 
The  suspending-ropes  of  the  link  should  be  so  arranged  as  not  to 
admit  of  any  considerable  increase  of  tension,  and  in  case  of  foul- 
ing, or  of  kinks  which  could  not  pass  through  the  apparatus,  the 
paying-out  should  be  stopped  and  the  link  lowered  to  the  bottom.  ^ 
the  cable  being  afterwards  drawn  up,  as  before  detailed,  in  case  o"! 
fracture.     Doubtless  this  might  involve  some  loss  of  time,  and  i"^ 
necessitates  an  additional  amount  of  personal  attention ;  but  tl»-^ 
question  is  whether  a  better  mode  can  be  devised,  and,  if  not,  is  th^  ^ 
possible  loss  of  time  and  the  extra  attention  compensated  for  bj^ 
the  probable  safety  of  the  cable  in  case  of  fracture  ? 

A  different  method  of  catching  the  cable  might,  perhaps,  b-^ 
adopted  with  success,  if  the  cable  were  not  too  heavy.  At  a  certai^^ 
distance  behind  the  paying-out  vessel,  two  small  steamers  migh  ^ 
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follow,  keeping  as  nearly  as  possible  in  tlie  line  of  the  sinking  cable. 
From  each  of  them  might  be  suspended  one  or  more  grapnels,  with 
four  or  six  arms,  rising  upwards  at  an  acute  angle  (fig.  11). 
These  grapnels  should  be  suspended  in  the  water  at  a  depth  a  little 


Fig.  11. 


n 


below  the  sinking  cable.  In  case  of  fracture,  upon  a  signal  from 
the  paying-out  vessel,  the  two  small  vessels  should  at  once  steam 
at  right  angles  to  their  former  course,  in  opposite  directions,  so  that 
one  of  them  should  cross  the  line  of  cable,  which  would  probably 
be  caught  and  jammed  in  the  acute  angle  of  the  grapnel  As  soon 
as  this  was  done,  which  would  be  known  by  the  increase  of  tension 
on  the  suspending-rope  of  the  grapnel,  this  rope  should  be  slacked 
out  so  as  to  avoid  fracture  from  any  undue  catenarian  strain.  The 
ship's  course  should  then  be  so  altered  as  to  cause  the  suspending- 
rope  to  hang  vertically,  with  only  such  tension  as  is  due  to  its  own 
"Weight,  to  that  of  the  grapnel,  and  to  that  of  the  cable  between  it 
and  the  bottom.  The  hauling-in  would  then  be  proceeded  with, 
care  being  taken  always  to  direct  the  ship's  course  so  that  the  sus- 
peuding-rope  might  hang  vertically.  With  a  light  cable  this 
Diethod  might  succeed.  It  would  not  be  so  certain  in  its  action  as 
4e  first  proposed  method,  but,  on  the  other  hand,  it  is  less  liable  to 
^t|]ection,  as  a  cause  which  might  lead  to  fracture,  from  fouling, 
Muks,  &C.  The  depths  at  which  the  grapnels  should  hang,  and  the 
instances    of  the  following-vessels,   would  be  regulated  by  tha 
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specific  gravity  of  the  cable  and  the  speed  of  the  paying-out  vessel. 
Tables  are  given  in  the  Appendix  to  show  the  position  of  the  cable 
relatively  to  the  following- vessels,  at  the  end  of  certain  intervals  of 
time  after  fracture.  These  Tables  farther  show  the  time  after 
fracture  when  the  end  of  the  cable  would  'pass  beneath  the 
following- vessel ;  first,  on  the  supposition  of  that  vessel  continuing 
her  course,  and  secondly,  on  the  supposition  of  her  immediately 
crossing  the  line  of  cable  when  fracture  was  signalled.  These 
Tables  are  calculated  from  the  formula  in  the  Appendix,  Problem 
IX.,  for  two  difierent  cables,  and  could  of  course  be  extended  to 
any  other  conditions  of  a  particular  case.  Instead  of  suspending 
the  grapnels  below  the  cable  it  might  perhaps  be  preferable  to 
suspend  them  a  little  above  it,  and  lower  them  upon  the  signal  of 
fracture  being  given. 

XII.  What  is  the  best  Mechanical  Construction  of  a 

SuBMABiNE  Telegraphic  Cable? 

In  venturing  a  few  remarks  upon  the  construction  of  the  cable 
itself  the  Authors  beg  to  say  that  they  only  claim  for  their 
opinions  the  merit  of  being  legitimate  deductions  from  the  fore- 
going investigations,  entered  upon  without  prejudice,  and  followed 
out  to  the  best  of  their  ability.  If  the  investigations  can  be  shown 
to  be  defective  in  principle,  or  to  be  inapplicable,  the  opinions  based 
on  them  will  be  of  comparatively  little  importance ;  but  on  the 
other  hand,  if  the  reasoning,  which  is  given  in  the  Appendix,  be 
correct,  the  Authors  claim  for  these  deductions  a  positive  practical 
value.  * 

The  information  which  has  been  published  respecting  the  recent 
great  experiment  is  but  scanty,  and  there  is  much  that  is  contra- 
dictory in  the  various  accounts.  The  Authors  have,  therefore, 
refrained  from  entering  into  any  review  of  the  published  state- 
ments, or  from  attempting  to  give  a  reason  for  the  failure, 
beyond  a  passing  suggestion,  that  the  stoppage  of  the  papng-out 
apparatus  might  be  the  cause.  They  would,  before  going. further, 
only  suggest  that  a  minute  detail  of  all  the  proceedings,  and  of 
the  phenomena  observed,  both  electrical  and  mechanical,  would 
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1  a  very  interesting  and  valuable  communieation  to  the  Insti- 
>n. 

t  In  the  construction  of  a  submarine  cable  there  are  three  prin- 
apal  matters  tu  be  attended  to : — 
Igt.  Its  conducting  power. 
2nd.  Its  insulation. 
3rd.  Its  mechanical  structure  and  condition. 

The  two  former  do  not  enter  within  Iho  province  of  this  Paper, 
but  the  latter  does  bo  eminently. 

There  are  two  descriptions  of  cable  winch  have  come  under  the 
notice  of  the  Authors.  In  the  first,  the  conducting  medium  is 
placed  in  the  centre ;  nest  to  it  comes  the  insulating  medium,  and 
oatside  of  all  that  which  is  to  give  it  at  once  protection  and 
strength.  In  the  other,  the  atrengUi  and  tho  conducting  medium  are 
one  and  the  same,  and  are  placed  in  the  centre,  being  surrounded 
by  the  insulating  medium.  The  former  may  bo  called  the  heavj-, 
the  latter  the  light,  system  of  cable.  The  investigations  of  the 
,  Authors  lead  them  to  give  a  decided  preference  to  the  light 
■stem,  Taking  the  Atlantic  cable  as  a  type  of  the  heavy  system, 
d  as  a  very  perfect  one,  inasmuch  aa  those  who  have  had  to  lay 
it  declare  that  they  can  offer  no  Buggestion  for  its  improvement, 
it  is  found  that  with  a  weight  in  water  of  15^  ewta.  to  the  mile  it 
offers  a  tensile  strength  of  about  4^  tons ;  that  is  to  say,  it  will 
support  a  length  of  5  j  miles  of  itself,  hanging  vertically  in  water, 
laliiug,  again,  th3  cable  proposed  by  Mr.  Allan  as  a  type  of  the 
light  cable,  it  is  fuund  that  with  a  weight  in  water  of  3^  cwts.  to 
tlio  mile  it  offers  a  tensile  strength  of  2  tons,  or  will  support  a 
length  of  12^  miles  of  itself  hanging  vertically  in  water.  Con- 
sequently the  light  cable  has  to  the  heavy  cable  a  relative  sti'ength 
of  25  to  11. 

In  the  nest  place,  the  weights  in  air  are  about  21j   cwts.    and 
■0  cvrts.  to  the  mile  respectively,  being  an  economy,  as  regards 

nsport,  of  54  per  cent,  in  favour  of  the  light  cable. 
I  Another  question  for  consideration  is,  tho  effect  of  tension  and 
mpression  on  the  two  descriptions  of  cable.     The  hea^'y  cable  is 
rmcposed  of  two  independent  metallic  portions,  separated  \j-^  "OtiCi 
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insulating  niodium.  The  outer  casing  is  wound  spirally  round,  and 
it  is  clear  that  tlie  effect  of  tension  must  be  to  stretch  it,  and  so  to 
strain  both  the  insulating  medium  and  the  inner  core.  This  ex- 
tension is  greater  than  that  ordinarily  due  to  tension,  from  the 
following  cause.  In  great  depths  of  water  the  pressure  npon  the 
cable  is  very  considerable;  for  instance,  in  2,000  &thoms  it  is 
about  2\  tons  per  square  inch.  Now,  under  such  a  pressure,  it  is 
to  be  expected  that  the  insulating  medium  will  be  compressed. 
This  being  so,  the  cable  will  be  reduced  in  diameter,  and  the  spiral 
strands  on  the  outside  will  adjust  themselves  to  the  new  diameter, 
and  the  angle  of  the  spirals  becoming  more  acute,  the  outer 
shell  will  increase  in  length.  The  proportion  of  this  increase  may 
be  calculated,  as  shown  in  the  Appendix,  Problem  X.,  whence 

it  appears  it  is   —j^ —   nearly,  where  d  is  the  original  diameter 

from  centre  to  centre  of  the  spii*al  strands,  8  the  decrease  of  dia- 
meter due  to  compression,  and  I  the  length  in  which  the  strands 
make  an  entire  turn  round  the  cable.  In  the  Atlantic  cable  d  is 
about  0*5  of  an  inch,  Zis  9  inches,  and  if  S  =  0*1  of  an  inch,  the 
increase  of  length  would  be  about  one- eighteenth  part  of  its  length, 
and  this,  it  mu^t  be  borne  in  mind,  is  altogether  independent  of  the 
stretching  due  to  tension. 

The  Authors  are  not  aware  to  what  extent  gutta-percha  is  com- 
])ressible,  nor  have  they  any  information  respecting  the  amount  of 
stretching  of  the  Atlantic  cable  under  a  given  tension.     They 
therefore  content  themselves  with  pointing  out  the  two  causes  of 
tension  and  compression,  as  both  resulting  in  a  stretching  of  tb^ 
outer  shell,  whilst  the  insulation  and  the  inner  core  are  not  thu^ 
acted  on.     It  is  possible  that  the  amount  of  such  stretching,  and  it^ 
consequent  strain  on  the  inner  part  of  the  cable,  may  not  be  o^ 
serious  moment  within  the  limits  of  the  tension  due  to  the  laying 
of  the  cable,  but  it  must  not  be  forgotten  that  undue  strains  majr 
easily  be  brought  on  by  any  fouling  or  imperfect  action  of  the 
paying-out  apparatus,  and  it  has  been  shown  that  even  at  a  rate 
of  6  feet  per  second  such  strain  may  easily  amount  to  7  tons.     It 
is,  therefore,  perhaps  not  going  too  far  to  say,  that  this  structure 
of  cable  may,  possibly,  have  its  conducting  power,  or  its  insulation, 
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serionsly  injured  by  the  stretching  of  the  outer  shell,  although  no 
absolnte  fracture  may  take  place.  From  such  a  contingency  the 
other  description  of  cable  is  free,  and  it  would  probably  remain  un-- 
injured  by  any  amount  of  compression,  or  by  any  tension,  within 
the  limits  of  its  tensile  force. 

As  regards  the  protection  given  by  the  outer  metallic  casing,  it 
has  been  stated  that  it  is  only  designed  to  protect  the  inner  core 
from  mechanical  violence,  and  to  confer  on  the  cable  a  convenient 
amount  of  proportionate  weight  during  the  process  of  submergence, 
and  that  when  once  laid  at  the  bottom  the  rust  may  eat  up  the 
external  coat.  The  Authors  submit,  that  there  can  be  no  practical 
difficulty  in  protecting  the  lighter  cable  from  mechanical  violence, 
by  giving  it  an  outer  coating  of  hempen  cord,  as  has  been  pro* 
posed,  and  their  investigations  have  led  them  to  the  conclusion  that 
the  increase  of  weight  due  to  the  outer  casing  of  the  other  cable  is 
not  an  advantage  or  convenience,  but  quite  the  contrary,  inasmuch 
as  it  necessitates  the  application  of  a  greatly-increased  resistance 
of  the  breaks  whilst  being  laid  down.  But,  even  if  weight  is 
desirable,  they  would  observe,  that  what  they  had  termed  the  light 
system  admits  of  its  being  made  of  any  desired  specific  gravity ; 
and  if  made  as  heavy  as  the  Atlantic  cable  it  would  still  possess 
the  advantage  of  having  the  whole  of  tiie  metallic  material  in  the 
centre,  instead  of  partly  in  the  centre  and  partly  in  the  circum- 
ference. 

The  relative  cost  of  the  two  kinds  of  cable  is  also  a  matter  for 
consideration.  The  Authors  are  informed  that  on  a  light  cable  of 
the  same  power  as  the  Atlantic  cable  there  would  be  a  saving  of 
about  thirty  per  cent,  in  first  cost. 

In  every  point  of  view  which  has  fallen  under  their  notice  the 
Authors  feel  bound  to  give  their  decided  opinion  in  favour  of  the 
light  system  of  cable.  Whether  there  are  any  objections  to  it  elec- 
trically they  are  not  prepared  to  say ;  but  finding  that  so  long  ago 
as  1853  a  cable  of  this  description  was  proposed  and  advocated 
for  the  express  purpose  of  crossing  the  Atlantic,  curiously  enough 
nuder  the  very  title  of  "  The  Atlantic  Telegraph,"  the  Authors 
Ciinnot  but  think  that  there  must  exist  some  reason  unknown  to 
them  why  a  cable  more  expensive,  and  more  difficult  to  manage, 
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was  adopted.  They  venture  to  hope  that  this  Paper  may  be  the 
means  of  eliciting  some  information  on  the  subject,  which  cannot 
but  be  interesting  to  the  profession  at  large. 

In  now  bringing  this  communication  to  a  close  the  Authors 
desire  to  state,  that,  though  they  have  referred  to  the  Atlantic  cable 
and  to  Mr.  Allan's  cable  as  iypes  of  two  distinct  systems  of  Con- 
struction, they  must  disclaim  any  intention  of  imputing  carelessness 
to  those  who  imdertook  the  late  experiment,  which  so  unfortunately 
failed.  The  magnitude  of  the  operation  removes  it,  to  a  great 
extent,  beyond  the  pale  of  previous  experience,  and  as  such,  those 
engaged  in  it  are  entitled  to  the  sympathy  of  all  generous  minds. 
This  they  doubtless  have  received,  and  the  Authors  trust  that  there 
will  not  be  ascribed  to  them  any  disposition  to  cavil  or  blame,  when 
as  the  result  of  their  investigation  they  have  felt  themselves  com- 
pelled to  express  the  opinion  freely,  that  though  the  Atlantic  cable 
i8  a  step  in  the  right  direction,  as  compared  with  the  heavier  cables 
of  former  days,  it  yet  falls  far  short  in  mechanical  structure  and 
in  condition  of  the  light  system. 

Still  less  would  the  Authors  be  thought  to  deny  the  practicability 
of  submerging  the  present  Atlantic  cable ;  on  the  contrary,  they 
have  no  hesitation  in  saying,  that  with  proper  precautions,  and  a 
due  attention  to  what  is  required  in  the  construction  of  the  paying- 
out  apparatus,  the  submerging  may  probably  be  successfully  accom- 
plished ;  but  they  cannot  too  earnestly  repeat  their  conviction,  that 
with  the  present  cable  the  success  of  the  operation  will  mainly 
depend  upon  the  nature  of  the  paying-out  machinery  and  the 
general  mechanical  arrangements. 

The  Authors  hope  that  the  free  expression  of  their  own  opinions, 
and  of  the  grounds  on  which  they  are  based,  will  lead  to  a  like 
free  expression  of  the  opinions  and  experience  of  others  in  the 
discussion  that  will  probably  ensue ;  and  that,  however  imperfect 
may  be  the  present  treatment  of  the  subject,  it  may  contribute  to 
difiuse  a  better  knowledge  of  the  principles,  upon  the  following  out 
of  which  the  successful  result  of  such  undertakings  mainly  depends. 

The  Paper  is  illustrated  by  a  series  of  diagrams,  from  which 
Ts.  1  to  16  are  compiled ;    and  is  accompanied  by  the  mathe- 

itical  investigations  at  length,  of  which  an  abstract  is  given  in 
,e  Appendix, 
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APPENDIX. 


Problem  I. 

jEqnations  of  motion  of  a  body  descending  in  a  resisting  medium. 
Xiet  a  =  the  area  of  the  horizontal  section  of  the  unit  of  length. 

A  =:  the  Yolnme  of  the  body  for  the  nnit  of  length. 

0  =  the  coefficient  of  resistance,  depending  on  the  form  of  the  body. 

g  :=  the  specific  gravity  of  the  medium. 

^  ^  the  specific  gravity  of  the  sinking  body. 

f  *=  the  initial  velocity  of  the  descent. 

9  :=  the  velocity  of  the  descent  at  any  time. 

t  =:  the  corresponding  time. 

a;  =  the  corresponding  space. 

g  =  the  accelerating  force  of  gravity  =  32*2. 

t  =:  the  base  of  the  Napierian  logarithms. 

Then,  the  accelerating  force  of  the  body  =  g  — 7—, 

the  resistance  at  v      — ^ — > 

2g 

.,        i     a.      i.  casv^       a 

the  retardmg  force  =  -^ —  X  ^ 

uid,  in  the  case  of  a  cable  laid  horizontally,  and  when  the  diameter  =  d, 
therefore  the  retarding  force  =  Wm~~j  =  3"^ 

I  -r- 

^i  therefore,  the  actual  force  of  the  descent  =  g  —7 ^~dP' 

^1  for  a  sphere  whose  diameter  =  d, 


^*  «P<r  1 


s.  • 


whence,  the  actual  force  of  the  descent  =  g  —-, g^. 

•nd making  0  =  ^^j;^,  and  w  =  y  -4— •  — ^» 

and  int^rating  and  correcting,  by  making  1?  =  »,  when  a?  =  <?, 


V 


<y^9-(wa-;»),-2o- (1), 
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Again,    dttai  —  =  -  -= — -^ 

not  integrating  and.correcting,  bj  making  v  =  y,  when  tieao, 

and,  snbstitnting  (1)  in  (2), 

,  =  _L  log.  fi.  +  >/n'-(H'-^).^^    •_  . 

The  equations  for  a  sphere  are  similar  in  form,  bnt  the  constants  are 


(3). 


V 


Sgd    g'-8 


3  «    • 

Cor,  From  ( I ),  it  appears  that  when  as  is  hirge,  v=an  jety  nearlj. 

Fboblem  n. 

Equations  of  motion  of  a  body  descending  unifoimlj  in  an  oblique  positioD 
through  a  resisting  medium. 

Fig.  12. 


Let  A  be  a  particle  of  the  body. 

« the  angle  made  by  A  and  the  vertical. 
-    /3  the  angle  made  between  the  path  of  the  descent  A  B  and  the  vertical  A  J^ 
V  =  the  velocity  in  A  B. 
^  =  the  coeflScient  for  the  resistance  of  the  water  to  the  unit  of  length,  at  t 

velocity  of  1  foot  per  second. 
q'  =  the  coeflScient  for  friction  in  the  unit  of  length  at  1  foot  per  second. 
w  =  the  weight  of  A  in  water. 

Then,  the  resistance  of  the  water  in  B  A  may  be  resolved  into  A  C  at  right  angl 
to  A,  which  may  be  again  resolved'into  two  forces,  viz.. 

Force  in  A  D  =  g'  w*  sin«  («  —  /S)  sin  «  up  ; 
Force  in  C  D  =  g'  v'sin'  («  —  /S)  cos  » to  left. 
Also  friction  in  A  =  ^'  «?*  cos*  («  —  /S) ; 
which  may  be  resolved  into 

q*  ^  cos'  («  —  j3)  cos  «  vertically  up ; 
g^  ^  COS*  («  —  jS)  sin  « to  the  right. 
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Therefore,  since  the  motion  is  imiform, 

ftf  -^q^  gin*  («  —  j3)  sin  «  —  ^  v^  cos*  («  —  /S)  cos  «  =  Oy 
S^w'sin*  («  —  ^)  COB  «  —  q'  ^  cos*  («  —  /S)  sin  «         =  o\ 
horn  which  equations. 
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/      /cos  «  ,  sin  et\ 


(2). 


/5  =  «  —  tan""  *  A  /  —  tan  « 

Gw.  1.  The  velocity  of  ntnning  out  vertically,  without  tension,  is  found  hy 
making  a=  o,  whence  v  =  4  /  -j . 

Cor.  2.  The  angle  at  which  the  cable  would  run  out  with  the  greatest  velocity 

/      /cos  it       sin  IB  \ 
may  be  found  by  making  4  /  m  ( — -, — | )     a    maximum    from    which 


tan 


—  and  B=sO. 


Cor.  3.  By  this  problem  may  also  be  found  the  waste  of  cable  when  it  runs  out  at 

any  given  angle  («)  free  from  tension : 

-nr  -X              i.       -^Bec«— tan«-f  tan^ 
Waste  per  cent.  =  100 


sec« 


Cor,  4.  Also,  the  angle  of  motion  (fi)  of  the  end,  in  case  of  fracture,  may  be 
found,  for 


when  a  is  given. 


tan  («  —  ^)  ==  4/  ^  tan  «, 


Fboblem  in. 
General  equation  to  the  curve  assumed  by  the  sinking  cable. 

Fig.  13. 
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Let  A  C  F  R  be  a  portion  of  the  cnnre. 
X  :=  any  abscissa. 
y  =  the  corresponding  ordinate. 
s  =  the  corresponding  length  of  the  cnrye. 
«  =  the  angle  with  the  horizon  at  C. 
A  ^  the  angle  at  any  other  point,  P. 
a  =  the  length  of  the  cable  whose  weight  in  water  is  eqnal  to  the  horizontal 

tension  at  A. 
t  =  the  tension  at  F,  in  the  direction  of  the  corre  towards  R. 
f  =  the  Telocity  of  the  paying-out  vessel. 
m  =  the  coefficient  of  the  resistance  of  the  water  at  the  Telocity  t.  | 

rnf  =  the  coefficient  of  friction  at  the  Telocity  ». 
w  =  the  weight  in  water  of  the  onit  of  length. 
d  =  the  diameter  of  the  cable  in  the  same  unit. 

Then,  it  may  be  shown,  in  order  that  the  length  AC  should  be  laid  without 
slack  along  the  bottom,  that  the  point  C  must  moTe  in  a  direction  C  m  bisecting 
the  angle  formed  at  C  with  the  horizon ;  and  this  is  true  of  eTery  point  in  t^® 
curre. 

Therefore  the  resistance  of  the  water  may  be  replaced  at  eTery  point  by  a  force  oi 
stream  acting  in  the  direction  bisecting  the  angle  with  the  horizon,  and  with  ^ 
Telocity  equal  to  the  velocity  of  the  point  in  that  direction. 

Taking  any  point  C, 

Mm 

the  Telocity  in  C  m  ==  2  y  sin  ^, 

am 

theref  ore,  the  resistance  in  C  m  =  4  m  sin^    ; 

but  the  cable  is  not  at  right  angles  to  C  w,  as  it  forms  an  angle  =  — ^ — -  with  i** » 

SO  that  the  resistance  must  be  resolved  into  C  n  and  n  m ;  the  former  at  right  angX^' 
to  the  curve,  and  the  latter  parallel  to  it,  and  only  acting  by  friction. 
Whence 

the  resistance  in  w  C  =  4  w  sin  -^  sin* ^^  d8  =  m  sin*  ads  ; 

which  must  be  again  resolved  into 

m  sin*  «  cos  adi    vertically  up  ; 

m  sin^  adi  horizontally  to  the  left. 

Again,  the  velocity  in  the  direction  7/i  w  =  2 » sin' -,  therefore  the  friction  for  tb-^ 

unit  of  length  at  c      m'  4  sin*  ^ ; 
which  must  be  resolved  into  (for  d  %) 

mm 

4  vn!  sin*  -  sin  a  ^  «    vertically  up ; 

am 

4  m'  sin*-  cos  a.d^    horizontally  to  the  right. 

Also,  the  tension  at  F,  or  f ,  must  be  resolved  into 

t  sin  A  vertically  up  ; 

t  cos  A  horizontally  to  the  right. 
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The  remaining  forces  are 

fo  8  vertically  down  ;  ^ 

w  a  horizontallj  to  the  left. 

Therefore^  collecting  the  forces, 

^8inA  +  4» /^sin««cos«<J«  +  <»'/^*Bin*|Bin«<J<  — w«  =  o      •    .    (1), 

and 
tco8A-'m  f*em^ads-\-mff' 8]ja*^coH»d»  —  ma:=o (2); 

from  which,  by  taking  «  up  to  P, 

^*w8inA  +  w'4Bin*^=^o (3)» 

as  ^ 

t TV  cos  A  +  ^  sin*  A  =  o ^*^' 

as 

Now,  sin  A  =  4^,  and  by  substituting  in  (3),  integrating  and  correcting, 
as 

t=:w(x  -^  a^  —  m*^   ~-^^A       ^ nearly (^)» 

^  -^  sm  A 

which  is  the  equation  for  tension. 

Again,  from  (4), 

dx  ,      A  ±.—  1  dy 

^  !^  -  w  COB  A  +  w  sin*  A  =  <? ;  but  A  =  cot      j^i 

d  s 
therefore,  *-^  =  -*^,.^^j, 

d^V         dy  ids\^  .       ds 
da^         dx  \dx)  ax 

dy 
and  writing  ^  =  =^  =  cot  A, 

dx 
and  by  writing  i  =i7,  and  \/l -\- g^  =  »,  successively, 

^dx dz  (6) 

t   ""  iitz'^  ^  wz  —  m 

,  1  —  cos  A)' 
But  (5),  *  =  w  (a?  +  a)  -  w  — g^p^       « 5 

therefore 

dx        -d« (7). 

--r  = T         ,  (1  -  cos  A)' 

w{x-^a)--m  — ^^-j       X 

Equating  (6)  and  (7), 

dx  j^ r* 

^ ,  (1  —  cos  A)»  m«8- 

w  (a?  +  «)  -  ^        sin  A       ^ 

and  integrating  and  correcting,  and  writing  fo 

VOL.  V.  ^ 


I. 
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finally,  that 


tp« 


—  &c.  &c.  +  Ci  .    (9)- 


1  ma 

, (p - -/r+p')* ^"^ .7-  ,  f-    _,(i'-vr+i^l  _ _      i 

\2m  4/1+-.— w—  n/w'H-  4cm*  /  ^  .    . — J 

An  equation  between  x  and  t^  =  cot  A,  from  which  the  form  of  the  cmre  may  be 

ax 

deriyed. 

If  w'  be  neglected,  or  made  =  o,  y  may  be  obtained  in  terms  of  a  eeriea  contain- 
ing Wf  or  

r  +  2     S  — 1      (_±\     ^ ^"' 

^jp^^'^Wr  'D  +  l'U  +  W 

4t+12  — tI    /S  — 1\*/    a     \        '+-5--' 
"      2^>/;       'VD  +  l/    U  +  g/ 

When  b  =  ^— ,  D  = ^— 1 

zm  zm 

r  =  S2  — 1, 

and^  =  D2— 1. 

When  a?  =  infinity,  this  gives  y  =  "r  +  Ci,  whence  j~  =  >/t,  or  the  inclmatio» 

of  the  asymptote  to  the  horizon  =  tan"~  *  s/r  =  cos"  ^ ^ .    .    0-^^' 

Ztti 

When  a  =z  0, 

y  =  —p.  4-  Cj,  which  is  the  equation  to  a  straight  line  inclined  to  ^^ 

,     .          .              ,         _i  >/%>=*  + 4m2  —  w  /I  rV 

honzon  at  an  angle  cos    *  -' K}-''' 

Which  value  might  also  have  been  derived  from  equation  (8). 

From  this  it  appears,  that,  when  a  cable  is  laid  without  tension  at  the  bottom^  ^ 
will  descend  in  a  straight  line,  inclined  at  the  above  angle  to  the  horizon. 


Fboblem  IV. 
Equation  for  tension. 

(  —  cos  A  V 
From  (5),  Problem  III.,  t=i7v  (x  -^  a)  —  m'  - — ; — v— ^  x, 
^  '"  \      ■     y  sm  A 

which,  when  a  =  o,  becomes 

,  (1  —  cos  Ay 

t  :=  wx  —  m 1 —  x. 

A 
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IF  vulbeTdoctt7<d  OecaUc  mMi^  oM,  Md  t  tka  idodij  of  te  p 
Tesael,  tbm 
*=»«-«' /'  —  aaA^'i, (1); 

bnt  ■*'  is  »  fimetion  of  f,  mj  =  f*  ^, 
•rbence 
t  =  wx-^^ll  —  etmA\'amcA.:r. W- 

Tbe  nlio  of  «  to  >,  wbkk  b  mpdied  n  odn  to  obOun  uj  fira  aHumil  ^ 
tenmon  f ,  will  be 

-:=»•'+ x/v^i^ <"- 

The  foUowing  Tallies  bsre  been  "'—'-'-'  for  two  rmbtts,  tbc  one  betng  tlie 
Atlantic  otble,  nul  tiM  otl^  »  oUe  <tf  tlw  nnw  di^Mter,  bnt  with  a  ipeeifie  gnrit; 
of  1-6, 

An-Axnc  C""" 
Specific  gisTilT  =  3-489,  niaaiilii  =  |tha  of  an  indi,  Wei^  <d  1  to*  in  water  = 
0-3206 lb«^  Depth  of  Water  =  a)0O  fatlMMiM,  and  Tenomi,  wbea  Teitie«I,= 
3M»-61ba. 


Toik-i. 

Ite. 

Velocit;  of  tiie  YeMel  m  Feet  1 
Angle  of  IneliiwtiDn  to  the! 

2           4     16 

8 

10 

12    '     16 

68=  37'  41=  4*'  28"  46' 

21    47 

17"  31 

14°  38'  11°  44' 

Batio  of  paying  oot  tot      , 
Veh>dtyofVe«el.    A 

Ditto 

Ditto 

Ditto 

Ditto 2 

'  3839     3S39  1  3S43 
3838     3806  '  3781 
3813     3760  :  3658 
3796  .  3690      3474 
3774  1  3699     3227 

3844 
3733 
3481 
3085 
2548 

384fi 
3668 
3198 
2464 

3846  '  3846 
3560     3318 
2763     1876 
1556    -483 
-143  ,     ... 

Specific  partty  =  V500,  Diameter  =  |tha  of  an  inch.  Weight  of  I  foot  m  watOT  = 

^«iS78  lb*.,  Depth  of  wrtT  =  2000  fathonB.  and  Tennon.  wli«i  yerbcl.  = 

7899  Ibe.  


Telocity  of  the   Vessel    in   Fe^t  P*^; 


.Angle  of  Inclination  to  the  Horiion 


Satio  of  paying  o 

Vessel.     .    . 

Ditto     .     . 

Diito     .     . 

Ditto     .     . 


\ 
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Pboblem  V. 

To  find  the  waste  of  cable  from  cnrrents. 

It  is  shown  that  if 

^  =  the  depth  to  which  the  current  extends, 
V  =  the  yelocitj  of  the  current, 
f  =  the  velocity  of  the  ship, 
A  =  the  angle  of  inclination  of  the  cable  to  the  horizon,  the 


Pboblem  YI. 
Equation  to  the  curve  assumed  by  a  flexible  line  stretched  across  a  current 


Let  0  =  the  angle  between  the  curve  and  the  direction  of  the  current  at  fl^^ 

point  P. 
§  =  the  angle  between  the  direction  of  the  current  and  the  normal  to  *^^ 

curve  at  P. 
t  =  the  tension  at  P. 
a  =  the  tension  at  A. 
/=the  force  of  the  current  on  an  unit  of  surface  at  right  angles  to    ^ 

direction. 

Then,  at  any  point  P,/may  be  resolved  into 

/  sin  2^  cos  6  in  the  direction  of  the  current. 
/  sin  2^  sin  9  perpendicular  to  the  current. 

Also  t  may  be  resolved  into 

t  cos  ^  in  the  direction  of  the  current. 
t  sin  ^  perpendicular  to  the  current. 

Therefore, 

y^'/8in«^cos^(?«— ^co8^  =  0 (1). 

r*f  sin  *^  sin  ^  <f  *  +  f  sin  ^  ~  a  =  (? .     .    (2). 


SUBMERGING  TELEGRAPHIC  CABLES.  309 

From  which,  as  0  +  ^  =  v 

dt 

r»  =  ' (3). 

/sin  ^dt=^tdp (4). 

From  (3)  it  appears  that  the  tension  is  constant,  and,  since  it  is  =  a  at  the  vertex, 
that  mnst  be  its  yalne  at  any  other  point ; 

therefore  from  (4)  fBia^^ds  =  adXy  but  sin  ^  =  -j^t 
and  substituting  and  integrating 

but  when  «  =  <?,  -z--  =o,  therefore  c  =  o, 
*  dy        ' 

a       dy 
t;  =  T-^,  which  is  the  equation  to  the  common  catenary. 

J  S         Of  SB 

It  therefore  appears,  that  the  form  of  the  curre  is  the  common  catenaiy,  and  that 
the  tension  is  unilorm  throughout. 


Problem  VII. 

To  find  the  tension  due  to  the  friction  of  the  water  in  a  current. 

In  Problem  VI.  the  efifect  of  friction  was  neglected.    It  may,  however,  easily  be 
obtained. 

If  (2  is  the  depth  of  the  current, 
V  the  velocity  of  the  current, 
y  s=  the  velocity  of  the  ship, 
^'sthe  coefficient  of  friction  for  one  lineal  foot  of  cable,  at  1  foot  per 

second, 
A  =3  the  angle  of  the  cable  with  the  horizon  ; 

then,  the  total  friction  on  the  cable  =sq*  d  -^  cosec  A. 

In  the  case  of  the  Atlantic  cable,  if 

y  s  6  feet  per  second, 
V  =  1^  foot  per  second, 
d  =  12,000  feet, 
q'  =  -00054778  lbs., 
A  =  28°  45'; 

then,  the  total  friction  =  0*1922  lbs.,  showing  that  the  effect  is  quite  insignificant. 

Problem  vm. 

To  find  the  form  the  cable  will  assume,  and  ^he  tension,  in  oaae  the  paying-out 
ressel  and  the  paying  out  should  ^Q  s^^denly  sto|>ped. 
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Pig.  16. 


Let  A  B  be  the  line  of  the  cable  whilst  the  paying  ont  proceeds. 

And  let  A  B  =  $, 

A  X  =  d7,  the  depth  of  the  water. 

X  C  =  the  distance  horizontally  from  X  to  C,  the  origin  of  the  corre 
assumed  by  the  cable  after  the  stoppage. 
Z  =:  the  length  of  the  cnrre  A  C  when  equilibrium  is  established. 
a  =  the  tension  at  C. 
t  =  the  tension  at  A. 
«  =  the  angle  formed  by  the  curve  A  C  with  the  horizon  at  A. 


Then,  Z  =  AB  +  BC  =  «  +  y— >/<»— a?« 

But  by  the  equations  to  the  catenary 

Z  ^  f  sin  « 

a?  =  ^  (1  —  cos  •) 

.  ,  cos  et 

y  =  fcos«log  -T-— 

1  —  sm  « 

Equating  (1)  and  (2) 


(2)- 
(3). 

(4). 


^sin«  =  «  +  y  —  i^«* — a?«, 


but  (3)  t  = 


X 


1  —  cos  « 


,  therefore 


xavD.a 


1  —  cos «  '       ^ 


=  «  — V«'— a?«  +  — ^ 


X  ,        cos 

COS  a  log 


COS  a  "1  —  sin  «         ..... 

But  8  and  x  are  given;  therefore,  from  this  equation  «  may  be  found,  and  then 

X 


(5). 


t  = 


1  —  cos  « 


X  ,  COS  « 

y  =  r COS  a  log 

1 — cos«  ^  1  — 


sm« 


Fboblem  IX. 

To  find  the  depth  of  the  cable  below  a  following  vessel,  at  any  interval  afl»^ 
fracture. 


SUBMERGING  TELEGRAPHIC  CABLES. 
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Fig.  16. 


Let  B Cbe  the  line  of  the  cable  paying  out. 
BO,  the  direction  of  motion  after  fracture, 
<f  =s  B  F  =3  the  distance  of  the  yessels  apart. 

Then  FG  =  rf  sin  A  =  the  depth  before  fracture, 

V  =3  the  velocity  of  the  end  after  fracture,  as  obtained  from  Problem  11. ;  then 
9  cos  /3  =  the  vertical  component  of  the  velocity,  and  the  depth  at  the  end  of 
t  seconds  will  be 

=s  ^  sin  A  -f  V  cos  /3  .  ti 

but  in  ^  the  vessel  has  moved  forward » t,  and  decreased  the  distance  between  it  and 
the  cable  by  y  f  sin  A ;  therefore  the  depth  of  the  cable  below  F,  at  the  end  of  f, 

s=  ^  sin  A  +  ^  (v  cos  ^  — »  sin  A). 

The  following  Tables  have  been  calculated,  by  means  of  this  formula,  for  two 
cables,  at  various  speeds  of  paying  out. 

Atlantic  Cable;  Velocity  of  the  Vessel  6  Feet  per  Second. 


Time  after  Fracture . 

• 

ft. 
300 

0 

lo' 

20 
299 

30' 

• 

40' 

• 

50' 

60'' 

76 

8(f 

96 

10(f 

120' 

• 

A> 

l5 

B» 

Distance  between 
the  Vessels . 

144 

222 

• 

• 

• 

• 

9 

■ 

2i 

Ditto 

600 

288  366 

443 

520 

• 

• 

« 

■ 

• 

• 

• 

• 

27 

46 

Ditto 

900 

433  510 

587 

664 

741 

• 

• 

• 

• 

• 

• 

• 

41 

70 

Ditto 

1200 

577  654 

1 

731 

808 

886  963 

• 

• 

• 

• 

■ 

• 

55 

93 

Atlantic  Cable  ;  Velocity  of  the  Vessel  8  Feet  per  Second. 


Time  after  Fracture . 

Distance  between  l      qZ. 

the  Vessels  .   *  J      **"" 

Ditto         .        .    600 

Ditto         .        .    900 

Ditto                 .  1200 

0 

111 

223 
334 
445 

10' 

164 

275 
387 
498 

20' 

217 

327 
439 
550 

30' 

• 

380 
492 
603 

40 

• 
• 

544 
656 

50 

• 
• 

709 

60' 

• 

• 
• 
• 

70' 

• 

• 
• 
• 

80' 

• 

• 
• 
• 

90' 

• 

• 
• 
• 

100 

• 

• 
• 
• 

126 

• 

• 
• 
• 

A> 

13 

27 
40 
54 

B> 

2I 

48 
72 
95 

^  Column  A  gives  the  time,  in  seconds,  after  fracture,  when  the  end  of  the  cable 
passes  beneath  the  following  vessel,  the  following  vessel  continuing  her  course. 
Column  B  gives  the  time  of  passing  beneath  the  following  vessel,  on  the  supposition 
of  the  vessel  being  stopped  at  the  instant  of  fracture, 
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LiaHT  Cable  ;  Velocity  of  the  Vessel  6  Feet  per  Second. 


Time  after  Fracture . 

o'lo 

69  81 

139 161 
208  220 

277  289 

1 

20' 

93 

163 
232 
301 

30'  40'  50'  60' 

106    ..      . 

176 187  199  211 
244  256  267  279 
313  325  337  349 

1             1 

7(f 

• 

291 
361 

80'  90' 

•            • 

303315 
373  385 

loo' 

120 

A» 

30 

61 

92 

122 

B» 

ff 
Distance  between )      oru\ 

the  Vessels  .      J      ^^ 

Ditto         .        .    600 

Ditto         .        .    900 

Ditto        .        .  1200 

• 
• 

397 

• 

• 

421 

62 

124 
186 
250 

Light  Cable  ;  Velocity  of  the  Vessel  8  Feet  per  Second. 


Time  after  Fracture . 

Distance  between )      nr^ 

the  Vessels  .      J      ^"" 

Ditto        .        .    600 

Ditto         .        .    900 

Ditto        .        .  1200 

o' 

52 

104 
157 
209 

10' 

60 

112 
165 
217 

20' 

68 

120 
173 
225 

30' 

• 

128 
181 
233 

40' 

• 

136 
189 
241 

50 

• 

144 
197 
249 

60' 

• 

205 
257 

70 

• 

213 
266 

80 

• 
• 

273 

90 

• 
• 

281 

100 

• 
• 

289 

12d' 

• 

• 
• 
• 

A» 

24 

48 
72 
96 

B» 

76 

140 
210 
280 

Light  Cable 

J  Velocity  of  the  Vessel  10  Feet  per  Second 

• 

Time  after  Fracture . 

o' 

42 

84 
126 
168 

0\    0 
10  20 

1 

30' 

• 

101 
143 
185 

40' 

• 

106 
148 
190 

50 

• 

153 
196 

60 

• 

159 
201 

70' 

• 
• 

207 

80 

• 
• 

213 

90' 

• 
• 

218 

loo' 

120' 

A» 

21 

43 
64 
85 

B» 

Distance  between )      «w^ 

the  Vessels  .      J      ^^ 

Ditto        .        .    600 

Ditto         .        .    900 

Ditto         .        .  1200 

47 

90 
132 

173 

53 

95 
137 
179 

• 

• 

• 
• 

• 

• 
• 

• 

79' 
158 

316 

Problem  X. 

To  find  the  extension  of  length  dne  to  the  compression  of  the  inner  core. 

If  ^  =  the  original  diameter  from  centre  to  centre  of  the  onter  strands, 
^  =  the  decrease  due  to  compression, 

I  =  the  length  of  the  cable  in  which  the  strands  make  an  entire  turn, 
L  =  the  length  of  the  strand  making  an  entire  turn, 

thenP:=L2  — 1?5|2; 

and  if  d  becomes  <2  —  ^,  and  1!  the  new  yalue  of  Z, 

i'«  =  L2— i^2  +  2«^^J  — *2J«, 

Z'  — ?  =  >/?»  + 2*2  <?J  —  «^S«  —  ?; 


*  Column  A  gives  the  time,  in  seconds,  after  fracture,  when  the  end  of  the  cable 
passes  beneath  the  following  vessel,  the  following  vessel  continuing  her  couree. 
Column  B  gives  the  time  of  passing  beneath  the  following  vessel,  on  the  supposition 
of  the  vessel  being  stopped  at  the  instant  of  fracture. 
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and  expanding  the  part  under  the  radical  sign, 

V^l=.  .— L_^.^:^J. nearly, 

nearly ; 


therefore 


I 


Pboblem  XL 

To  find  the  variation  of  tension  due  to  the  motion  caused  by  waves. 

let  R  =  the  normal  tension  due  to  the  depth  at  the  mean  level,  as  given  by 
Problem  IV., 
T  =s  the  tension  at  any  time  ty 

t  =  the  time  reckoned  from  the  moment  when  the  vessel  is  at  the  mean  level, 
r  =s  the  total  time  of  transit  of  a  wave  nnder  the  ship, 
^  =  the  additional  angolar  rotation  cansed  by  the  rise  and  fall  of  the  ship, 

and  which  may  be  either  positive  or  negative, 
SB  =  the  height  of  the  ship  above  the  mean  level  at  t, 
T  =  the  radins  of  the  sheaves, 
^  ss  the  radins  of  gyration  of  the  sheaves, 
g  =  the  accelerating  force  of  gravity  =  32*2, 
h  s=  the  total  height  of  the  wave,  and 
m  s  the  weight  of  the  rotative  machinery. 

Since  the  moments  of  the  impressed  forces  are  eqnal  to  the  moments  of  the 
effective  forces, 

(T  — R)r=sm2«|^,butsm««=-  .  ^; 

tl«^ore(T-R)r^!g,«f^Vd|^=(^-^^^^ (1). 

Now,  if  A  is  the  angle  of  paying  out  at  the  mean  level,  it  is  shown  that  approxi- 
mately the  extra  length  paid  out  whilst  the  vessel  rises  to  ar  is  ar  sin  A ;  therefore 

a;  sin  A  =s  r  ^, 

,     d^t        .     .d^x      'd^t      sinA     iPx 

ftll"  ^   Tin  =  8in  A    j-Ti  and  -r-rr  = .    T-5. 

di^  dp'        dt^         r        dt^ 

Hence  from  (1), 

T     p      ^  sin  Ag'    d^x 

It  is  now  necesdary  to  find,  or  assume,  x  as  some  function  of  ty  and  it  will  probably 
be  tolerably  near  the  truth  if  it  is  assumed  that 

<r  =  |8m  (24), 
whence  ^=-|-*  cos  (2r  I), 

therefore,  from  (2), 


^     _,  2w8inA*s«-sA   .     /„     ^\ 
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...  2  w  sin  A#  •«•  *h 

or,wntmgw= ^^, 

T  =  R  — TOBin  (2ir?r) (8)' 

Hence  the  yariation  of  tension  is  s  2  m,  becftuse  sin  (  2  «'  x  I  Quiy  be  eitiher  4 
or  —  1. 
From  this  the  following  corresponding  valaes  may  be  derived : — 


0 


4 
2 
4 


0 


h 
2 

0 

A 

2 
0 


Velodtjr 

of  the  Vessel 

Vertically. 


0 


0 

1th 
t 


Accelerating 
Force. 


0 


2«-«A 

0 
2ir>A 


0 
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Lettbb  from  Mr.  J.  A.  Longbidoe  to  Captain  Galton  on  Paying- 
out  Apparatus  for  Submarinb  Telegraph  Cables. 


Captain  Galton,  BJE,y  Board  of  Trade. 

Dbab  Sib, 

I  send  yon  herewith  sketch  of  the  paying-ont  apparatus  I 
showed  yon  this  morning. 

The  object  is  twofold : 
Ist  To   avoid  the  severe  strains  caused  bv  the  friction  of 

heavy  rotatory  machinery  when  the  vessel  pitches  ; 
2nd.  To  reduce  ad  libitum  the  injurious  normal  pressure  of 
the  cable  upon- the  paying-out  machine. 

Isi  This  is  accomplished  in  methods  1  and  2  by  substituting  a 
sliding  motion  of  the  cable  over  a  surface,  the  friction  of  the  cable 
being  the  retarding  force  instead  of  the  friction  of  breaks ;  and  in 
the  third  method  by  so  arranging  the  cable  over  revolving  drums 
that,  when  the  strain  exceeds  that  of  the  break,  the  cable  slips 
away,  without  increasing  the  velocity  of  rotation  of  the  machinery. 
By  any  one  of  these  methods  the  inertia  of  the  machinery  has  no 
effect  on  the  cable. 

2nd.  The  normal  pressure  at  any  point  is  equal  to  the  tension 
divided  by  the  radius  of  curvature.  If,  now,  we  take  a  cable 
running  out  with  the  tension  of  30  cwt.  over  a  5-feet  drum,  the 
normal  pressure  equals  ^,=6  cwt.  per  lineal  foot,  or  56  lbs  per 
lineal  inch ;  an  amount  which,  if  the  gutta-percha  be  at  all  soft, 
would  be  very  likely  to  injure  the  insulation ;  and  suppose  that,  by 
a  sudden  pitch  of  the  vessel,  the  inertia  of  the  wheels  caused  an 
extra  tension  of  20  cwt,  which  is  greatiy  within  the  limits  of 
what  might  happen,  this  would  bring  an  extra  normal  pressure  on 
the  cable  of  38  lbs.  per  lineal  inch,  making  altogether  56 -J- 38 
=94  lbs.  per  lineal  inch.  Such  a  pressure,  besides  the  injury  to 
the  core,  would  prevent  the  adoption  of  a  system  of  sliding, 
because  the  friction  would  be  so  great  as  to  tear  off  the  entire 
coating. 

Now  the  only  means  to  reduce  the    normal   pressure  is  to 
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increase  the  radius  of  curvature,  to  which  there  is  a  practical 
limit  if  circular  drums  be  used. 

Again,  with  circular  drums  the  normal  pressure  is  greatest 
where  the  cable  leaves  the  drum,  and  least  where  it  enters  on  it ; 
whereas  it  ought  to  be  constant  throughout.  It  is  therefore 
evident  that  by  adopting  a  curve  of  variable  radius  we  can  obtain 
a  constant  pressure. 

This  is  the  principle  of  the  methods  1  and  2. 

Method  1. 

The  curve  of  constant  pressure  is  a  spiral  of  which  the  equation 
has  been  investigated. 

Representing  this  spiral  by  the  following  sketch,  the  cable  would 


Eig.  1. 

enter  it  at  A  and  leave  it  at  B,  and 

the  tension  at  A       Radius  and  curve  at  A 
tension  at  B  Radius  and  curve  at  B 

Taking  the  radius  of  curvature  at  Bi=16  feet  and  of  A=2  feet, 
the  tension  at  A= J  of  that  of  B. 

The  length  of  curve  required  depends  on  the  co-efficient  of 
friction,  and  is  of  course  greater  as  the  latter  is  less. 

The  following  table  gives  an  example  of  the  action  of  such  a 
curve,  of  which  the  radii  are  16  feet  and  2  feet  respectively. 
Let  T= tension  at  leaving  the  curve. 
t= tension  at  entering  the  curve. 

P= normal  pressure  on  the  lineal  inch  of  cable  on  curve. 
p= normal  pressure  on  a  5-feet  druni  at  leaving  the  drum. 
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T. 

t 

P. 

P- 

cwt. 

cwt. 

lbs. 

lbs. 

82 

4 

• 

19 

120 

24 

8 

14J 

90 

16 

2 

9J 

60 

8 

1 

4| 

80 

The  next  table  gives  the  length  of  the  curves  and  their  horizontal 
abscissae  (if  developed  as  shown  in  column  1),  corresponding  to 
various  co-efficients  of  friction. 


Co-«£Scient  of  Friction, 
f. 

Length  of  Cnnre. 
L. 

Horizontal  Length. 
1. 

feet. 

* 

84 

56 

i 

70 

47 

i        ■ 

64 

42 

* 

42 

28 

Fig.  2. 

The  curve  may  for  convenience  be  divided  into  sections,  and 
placed  either  vertically  or  horizontally  along  the  deck,  and  so 
arranged  that  the  cable  may  be  thrown  off  it  in  a  moment  One 
or  more  of  the  sections  may  be  so  arranged  as  to  indicate  the 
tension  of  the  cable. 
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Method  2. 


The  curve  may  be  formed  by  a  spiral  groove  cut  in  a  cone  as 
shown  in  fig.  2.     J£  this  cone  be  rectangular  the  curve  possessed 


Fig.  3. 

the  same  properties  as  the  curve  of  equal  pressure.  The  cable 
enters  at  the  small  end  of  the  cone^  and  makes  one,  two,  or  more 
turns  round  it,  the  number  of  turns  depending  on  the  amount  of 
friction  required.  If  the  cone  be  free  to  revolve,  the  cable  turns 
it  round  and  runs  itself  free. 

If,  on  the  other  hand,  it  be  desired  to  increase  the  retarding 
force,  the  cone  is  turned  in  a  reverse  direction,  and  winds  more, 
cable  on  it 

The  bearing  of  the  cone  is  so  arranged  as  to  ofier  no  impediment 
to  the  escape  of  the  cable  when  required. 

Thus,  by  this  arrangement,  the  retarding  force  can  be  vari"^  at 
will  with  the  greatest  ease. 

The  cone  also  takes  up  much  less  space  than  the  curve.  Its 
properties  in  reducing  the  normal  pressure  and  tension  are  similar 
to  those  exhibited  in  Table  1,  given  above,  for  the  curve.  It  also 
affords  great  facilities  for  indicating  the  tension. 

Method  3. 

The  cable  is  here  passed  between  two  endless  belts  passing  round 
drums  AA  and  BB.  The  standard  C  is  fixed  whilst  D  is  move- 
able, so  as  to  tighten  up  the  belts  when  required. 

The  distance  apart  of  the  top  and  bottom  drums  can  be  varied  at 
will.     The  endless  belts  are  formed  thus — 


Fig.  4. 
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Fig.  5. 

and  are  acted  on  by  small  rollers  FFF,  pressmg  on  the  back  of 
each,  so  connected  that  the  pressure  of  the  two  belts  on  the  cable 
can  be  varied  at  will.  The  cable  can  be  thrown  o£P  the  machine 
and  put  on  again  in  a  moment,  E  is  a  break-wheel ;  and  F  the 
shaft-end,  which  may  be  connected  to  a  small  steam-engine  for 

hanling  in. 


II  IE 


Jlir 


¥ 


Fig.  6. 


Thus  it  will  be  seen  that  the  cable  rons  out  with  the  belts  at  a 
tension  regulated  by  a  break-wheel,  and  the  increased  strain  due 
to  inertia  is  avoided  by  the  cable  slipping  through  the  belts  when 
the  tension  exceeds  that  due  to  the  friction  imposed  by  the  rollers 
FFF,  variable  at  will. 

This  machine  is  peculiarly  applicable  to  picking  up  cables. 

I  remain,  yours  faithftdly, 

James  A.  Lonqridqe. 


18,  Abingdon  Street,  Westminster, 
28th  NoTember,  1859. 
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The  Forty-eighth  Ordinary  General  Meeting  [a  portion  of  the 
proceedings  of  which  was  published  in  the  previous  number] 
was  held  on  Wednesday,  the  26th  of  April,  1876,  Mr.  C.  V. 
Walker,  F.RS.  President,  in  the  Chair,  when  the  following 
paper^was  read : — 

ON  CLAMOND'S  THERMO-ELECTRIC  BATTERY. 

By  Mr.  Latimer  Clark,  M.I.C.E. 

The  thermo-electric  batteries  recently  introduced  by  M.  Clamond 
of  Paris  have  proved  so  successful  and  the  demand  for  them  has 
already  been  so  considerable  that  I  have  thought  a  paper  on  their 
construction  and  application  might  prove  interesting  to  the  mem- 
bers of  the  Society.  M.  Clamond  has  been  many  years  working 
at  the  subject  of  thermo-electricity  with  "a  view  to  bringing  it 
into  practical  use,  and  in  1868  he  patented  his  first  thermo-pile,  in 
which  he  employed  a  sulphuret  of  lead,  in  the  form  of  native  galena, 
and  iron. 

He  was  subsequently  led  to  abandon  this  mode  of  construction 
in  favour  of  his  present  system,  which  he  has  brought  to  great  per- 
fection, and  for  which  he  obtained  letters  patent  in  1 874.  In  the  same 
year  the  '^  Thermo-Electric  Generator  Company"  was  formed  for 
the  purpose  of  working  his  patents,  with  offices  at  86,  Boulevard  do 
Courcelles,  Paris,  and  a  London  manufactory  at  27,  New  Street, 
Cloth  Fair.     The  thermo-piles  are  extensively  used  in  Paris  by  the 
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Govemmont,  and  by  the  great  electro-plating  houses  of  Messieurs 
Goupil,  Christofle,  and  other  industrial  institutions. 

In  1875  M.  Clamond  received  the  grand  medal  of  the  Soci^te 
d*Encouragement  pour  I'lndustrie  Nationale  in  recognition  of  iihe 
value  of  his  inventions. 

Thermo-clectxic  tension  (and  I  use  the  word  tension  throughout  this 
paper  in  its  ordinary  sense,  as  signifying  difference  of  potential)  ifl 
produced  whenever  two  dissimilar  metals  are  placed  in  contact  and 
heated  at  their  point  of  junction,  and  if  the  cool  extremities  of  Iihe 
metals  are  connected  together,  either  directly  or  by  a  oonduotiog 
wire,  we  have  a  thermo-electric  current,  which  will  continue  to 
flow  as  long  as  the  difference  of  temperature  is  maintained.  Tie 
metals  usually  employed  to  produce  this  effect  are  antimony  and 
bismuth,  as  they  exhibit  this  property  in  a  very  high  degree, 
but  other  metals  or  alloys  may  be  used  with  equal  or  greaiter 
advantage. 

Markus,  in  Germany,  devised  in  1865  a  powerfid  form  of  bat- 
tery in  which  the  positive  elements  were  composed  of  10  parts 
copper,  6  zinc,  and  6  nickel,  and  the  negative  elements  of  12  parts 
antimony,  5  zinc,  and  5  bismuth.  In  another  form  of  his  battery 
he  employed  for  the  positive  metal  65  parts  copper  and  31  zinc, 
and  for  the  negative  12  parts  of  antimony  and  5  of  zinc  or 
German  silver. 

By  the  term  "  positive "  I  mean  that  a  positive  current  passes 
BIS.        AXT  through  the    heated  junction  from 

•i^y^^'B'f'^'^^^'^^^  the   one   metal  to   the   other  as  in 

fig.  1. 

The    terms    here    employed   are 
those  adopted  by  electricians,  and 
^^'  '  tliey  are  similar   to  those    used  in 

regard  to  voltaic  couples — for  example,  that  metal  (zinc)  which 

causes  a  positive  current  to  flow 
through  the  liquid  to  the  other 
metal  is  called  the  electro-positive 
metal,  and  similarly  with  the  thermo- 
electric metals.  In  each  case  the 
^^^'  ^'  wire  attached  to  the  positive  metal 
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a  external  circuit,  and 


^res  a  negatiye  current  when  joined  up  i 
ttce  versa. 

Professor  Dove  employed  iron  and  platinum  soldered  tegether 
a  alternate  lengths,  and  the  whole  wound  on  a  cylinder  of  such 
liameter  as  te  bring  all  the  iron-platinum  junctions  on  one  side  of 
be  cylinder  and  all  the  platinum-iron  junctions  on  the  other. 
Hansen  used  copper  pyrites,  or  pyrolusite  with  copper ;  10  of  these 
tlements  were  equal  to  a  Daniell's  cell.  Stefan  employed  sulphide 
)f  lead  and  copper  pyrites ;  SJ  of  these  elements  were  said  to  equal 
i  Daniell. 

Farmer  in  America  used  Markos  metal  and  German  silver,  but 
^ed  te  secure  a  good  permanent  connection. 

Piles  of  iron  and  Grerman  silver  have  been  made,  and  are  very 
efficient,  but  it  requires  about  700  elements  to  give  a  tension  of 
one  volt. 

Various  other  forms  have  been  devised  and  used  by  different 
eqwrimenters,  but  almost  the  only  prac- 
tical application  of  them  has  hitherto 
Itten  that  made  by  Nobili  and  Melloni, 
who  employed  them  in  their  magnificent 
experiments  on  radiant  heat,  and  they 
still  offer  by  far  the  most  delicate  means 
of  measuring  minute  differences  of  tem- 
perature at  present  known — in  fact  their 
Mi^bilify  is  such  that  even  the  beat  of 
fte  fixed  stars  has  been  made  sensible  by 
fteir  agency. 

The  mixture  employed  by  M.  Clamond 
consists  of  an  alloy  of  two  parts  of  anti- 
DWny  and  one  of  zinc  for  the  negative 
DieW,  and  for  the  positive  element  he  employs  ordinary  tinned 
nkoet-iron — the  current  flowing  through  the  hot  junction  from  the 
ttoii  to  the  alloy.  The  combination  is  one  of  great  power.  Each 
dement  consists  of  a  flat  bar  of  the  alloy  from  2  inches  te  2| 
lOches  in  length  and  from  ^ths  to  1  inch  in  thickness.  Their  form 
ii  shown  by  fig.  3,  by  which  it  will  he  seen  that  looked  at  in 
y2 


Fig.  3 
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plan    tliey  arc  Bpindle-Bhaped,  or  broader  in  Qie  middle  &aa  at 
the  ends. 

Tho  foUowing  are  the  three  sizes  most  genertdly  uaed :— 


Lonelh. 

gnd). 

Brodtlila 

TUckMn. 

For  tension          

Inebu. 
2 

i 

^ 

^T 

Por  qnantity       

21 

i 

i 

A 

Ditto        

2J 

i 

J 

U 

The  sheet  tin  is  stamped  ont  in  the  form  shown  in  fig.  4 ;  the 
narrow  portion  is  then  bent  into  the  forms  shown,  in  which  state 
they  are  ready  for  being  fixed  in  a  mould.  The  melted  alloy  is 
poured  in,  and  before  it  has  cooled 
the  mould  is  opened  and  the  ban 
^c  removed  with  the  lugs  securely  caA 
into  them.  The  mould  is  heated 
nearly  to  the  melting  point  of  the 
alloy,  and  10  or  12  bars  ore  cast  it 
one  time — a  little  zinc  is  ad^ 
from  time  to  time  to  make  up  fn 
the  loss  by  volatilization.  The  alky 
melts  at  a  temperature  of  abont  800° 
Fahrenheit ;  it  expands  consido^ 
ably  in  cooling.  The  more  irequently  the  alloy  is  recast  the  mora 
perfect  becomes  tho  mixture,  bo  that  old  piles  can  be  reconverted 
with  advantage  and  with  little  loss  beyond  that  of  the  labour.  The 
alloy  is  extremely  weak  and  brittle  and  easily  broken  by  a  gentle 
blow — in  fact  it  is  scarcely  stronger  than  loaf  sugar. 

The  tin  lugs  are  bent  into  form,  and  the  bars  are  arranged  id 
a  radial  manner  round  a  temporary  brass  cylinder,  as  shown  in 
fig.  5,  a  thin  slip  of  mica  being  inserted  between  the  tin  lug  and 
the  alloy  to  prevent  contact  except  at  the  junction.  The  number 
of  radial  bars  varies  with  tlio  size  of  the  pile,  but  for  the  usual 
sizes  eight  or  ten  are  employed.     As  fast  as  tlie  bars  are  laid  in 


Fig.  4. 
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poaition  thej  are  secured  b;  a  paste  or  cement  formed  of  powdered 
asbestos  aud  soluble  glass  or  solution  of  silicate  of  potass;  fiat 
rmgs  are  also  formed  of  the  same  oompositioii,  which  possesses 
oonsiderable  tenacity  when  dry,  and  as  soon  as  one  circle  of  bars  is 
completed  a  ring  of  the  dry  asbestos  cement  is  placed  upon  it,  and 
another  circle  of  elemente  is  built  upon  this,  and  so  on  until  the 
whole  battery  is  formed.  Cast-iron  frames  are  then  placed  at  top 
and  bottom  of  the  pile  and  drawn  together  by  screws  and  rods  so  ■ 
as  to  consolidate  the  whole,  and  in  this  condition  the  pile  is  allowed 
to  dry  and  harden.  Looked  at  &om  the  inside  the  faces  of  the 
elements  form  a  perfect  cylinder,  within  which  the  gas  is  "burned. 
The  inner  &ce  of  each  element  is  protected  from  excessive  heat  by 
a  tin  strip  or  cap  of  tin  bent  round  it  before  it  is  imbedded  in  the 
cement;  the  projecting  strips  of  tm  from  the  opposite  ends  of  each 
pair  of  elements  are  brought  together  and  soldered  with  a  blowpipe 
and  sod  solder.  The  respective  rings  are  similarly  connected,  and 
the  whole  pile  is  complete  except  as  regards  the  heating  ari'ange* 
meats.  The  positive  pole  of  these  piles  is  always  placed  at  the  top. 
Camming  was  the  first  to  use  this  stellar  arrangement  of  the 
oottplea. 
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Tho  pile  IB  nsually  heated  by  gas  mixed  with  air  on  die  Bnnwn 
principle ;  tlio  gas  is  introduced  at  the  bottom  of  a  tube  of  eartteii- 
wai-c,  wliicli  is  closed  at  top,  and  is  pierced  wiUi  a  nmnber  of  snuU 
holes  throughout  its  length,  corresponding  approximately  in  nnm- 
bor  and  position  with  the  number  of  elements  employed.  Befon 
ontering  this  tube  the  gas  is  allowed  to  mix  with  s  regulated  pro- 
poi-tion  of  air  by  an  orifice  in  the  supply  tube,  the  size  of  wluch 
can  be  adjusted ;  the  mixed  gases  escape  through  the  holes  in  the 
earthenware  tube  and  there  bum  in  small  blue  jets,  the  annnlir 
space  between  the  gas  tube  and  the  elements  forming  a  ohinuw^ 
to  which  air  is  admitted  at  bottom,  the  products  of  combnstiaii 
escaping  at  tho  top  The  whole  arrangement  is  shown  in  sectioD 
in  fig.  6. 


When  tho  combustion  is  going  on  properly  the  earthenware  tubs 
appears  of  a  uniform  dull  cherry-red  colour  throughout,  and  noiW 
of  the  jets  should  impinge  on  the  side  of  the  pile.  By  bnming  i* 
excess  of  gas  it  is  possible  to  overheat  the  pile  and  injure  the  con- 
nection of  the  elements,  or  even  to  melt  the  ends  of  them — in  fact 
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Hey  reqaire  careful  and  intelligent  oeage.  When  in  good  work 
the  temperature  of  the  inner  ends  of  the  bars  is  aboat  400°  Fah- 
renheit, and  that  of  the  outer  ends  about  200°  Fahrenheit 

In  order  to  prevent  injury  fix)m  overheating  and  to  diminish  the 
oonsmnption  of  gas,  M.  Clamond  has  recently  introduced  a  new 
form  of  combustion  chamber  by  whioh  he  obtains  very  great 
advantages. 

This  form  is  shown  in  fig.  7.  The  mixture  of  air  and  gas  is 
burnt  in  a  perforated  earthenware  tube  as  before  described,  but 
instead  of  extending  the  whole  height  of  the  battery  it  only 
extends  to  about  one-half  of  its  height.     The  eai'thenware  tube  is 
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suprounded  by  an  iron  tube  of  larger  diameter,  which  extends 
nearly  to  the  top  of  the  battery,  and  is  open  at  the  top — outside 
this  iivu  tube  and  at  some  distance  from  it  are  arranged  the 
elements  in  the  usoal  manner,  A  moveable  cover  fits  closely  over 
tile  top  of  the  pile,  and  a  chimney  is  connected  to  the  bottom  of  the 
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pile  leading  off  from  the  annular  space  between  the  iron  tube  and 
the  interior  faces  of  the  elements.  The  air  enters  at  the  bottom  of 
the  iron  tube,  and  the  heated  gases  passing  up  the  tube  curl  over 
at  the  top  and  descend  on  its  outside,  escaping  eventually  by  the 
chimney.  The  elements  are  heated  partly  by  radiation  from  the 
iron  tube,  and  partly  by  the  hot  gases  which  pass  outside  the  tube 
downwards  towards  the  chimney.  By  this  arrangement  not  only 
is  great  economy  of  gas  eflfected,  the  consumption  as  I  am  informed 
being  reduced  by  one-half,  but  the  great  advantage  is  obtained 
that  the  jets  of  gas  can  never  impinge  directly  on  the  elements,  and 
it  is  thus  scarcely  possible  to  injure  the  connections  by  overheating. 
In  the  event  of  a  bad  connection  occurring,  it  is  easy  to  find  out 
the  imperfect  element  and  throw  it  out  of  use  by  short-circuiting 
it  over  with  a  piece  of  wire,  and  the  makers  have  no  difficulty  in 
cutting  out  a  defective  element  and  replacing  it  by  a  sound  one. 

As  the  pressure  of  gas  is  so  liable  to  vary,  it  is  necessary  to 
employ  a  small  gas  regulator  with  each  machine,  and  the  kind  they 
find  best  is  the  ordinary  dry  form,  such  as  those  manufactured  by 
Sugg  of  Oxford  Street  and  other  makers.  For  the  ordinary  thermo- 
pile with  small-sized  elements,  the  consumpton  of  gas  is  in  a 
general  way  about  one  foot  of  gas  per  hour  for  each  volt  of  tension, 
and  any  ordinary  gas-tap  will  supply  gas  enough  to  heat  a  power- 
ful pile. 

Coke  and  charcoal  have  also  been  employed  as  a  source  of  heat 
with  very  great  economy  and  success;  in  fact  there  are  many 
countries  and  places  where  gas  would  not  be  procurable,  but  where 
charcoal  or  coke  could  be  readily  obtained. 

The  general  form  of  the  coke-pile  is  shown  in  figs.  8  and  9.  It 
consists  of  the  usual  surrounding  ring  of  elements,  with  a  cast-iron 
cylinder  within  it  for  the  combustion  of  the  coke,  a  closed  air  space 
of  two  or  three  inches  being  left  between  the  iron  and  the  elements; 
a  short  chimney  at  top  carries  off"  the  products  of  combustion,  and 
is  provided  with  a  damper  to  regulate  the  draught.  The  coke- 
piles  are  sometimes  made  of  oval  form  and  of  very  large  size,  occu- 
pying a  space  of  6  feet  by  4  feet  or  more.  A  coke-pile  with  400 
large  elements  has  a  tension  equal  to  20  Daniell's  cells  with  an 


mtemal  resistance  of  only  4  ohma,  and  ita  consumption  is  very 
steady — two  pounds  of  coke  per  hour.  The  I'ecent  improvements 
in  tho  form  of  the  gas-pile  will,  however,  inevitably  lead  to  similar 

■improvements  in  the  construction  of  the  coke  and  charcoal  piles. 
Phareoal  ia  a  very  excellent  and  convenient  som'ce  of  heat.  Both 
Pie  eoko  and  gas  piles  give  a  very  steady  and  uniform  current,  hut 
it  takes  15  and  20  minutes  after  a  ]jile  is  Ughted  before  it  acquires 
a  working  tension. 

I  am  not  aware  that  paraffin  oil  has  been  suecessfiilly  used  as  a 

Bource  of  heat,  although  it  might  probably  be  employed  witli  advan- 

I  lagG  in  some  eases.     The  ordinary  paraffin  lamp  used  with  Thom- 

IiKn's  galvanometer  would  supply  a  considerable  electromotive  force, 

■although  the  elements  should  be  smaller  than  those  at  present  in 
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use.  I  do  not  despair  of  seeing  this  source  of  heat  utilised,  and 
those  who  have  incautiously  handled  the  copper  cliimneys  of  those 
lamps  when  burning  will  admit  that  the  heat  is  by  no  means  incon- 
siderable. Iron  screens  surrounding  the  thermo-piles  have  been 
used  with  advantage,  and  there  is  one  on  the  table  before  you. 
Their  object  is  to  cause  a  current  of  cold  air  to  pass  over  the 
exterior  surfaces  of  the  elements  so  as  to  cool  them.  They  also 
prevent  the  fracture  of  the  bars,  which  sometimes  takes  place 
when  the  pile  is  allowed  to  cool  too  rapidly.  So  far  as  I  know, 
the  subject  of  screens  and  currents  of  air,  the  use  of  water,  the 
evaporation  of  moist  surfaces,  and  other  means  of  cooling  the 
external  surfaces  of  the  bars,  have  as  yet  been  but  imperfectly 
studied,  and  I  regard  the  thermo-pile  as  being  still  quite  in  its 
infancy,  notwithstanding  the  great  advances  already  effected  by 
the  skill  and  perseverance  of  M.  Clamond. 

The  tension  produced  by  Clamond's  thermo-elements  is  such  that 
each  20  elements  may  be  taken  as  practically  equal  to  one  Daniell's 
cell,  or  one  volt. 

The  following  table,  published  by  the  Thermo-Electric  Generator 
Company,  gives  at  one  view  the  size,  electromotive  force,  internal 
resistance,  and  consimiption  of  fiiel  of  the  different  forms  of  thermo- 
pile usually  made  by  them. 

GAS-PILES. 


• 

-   Size. 

ElectromoUTs 

« 

Intenud 
reaistftncd. 

Consumption 

of  gas. 

(ApproximAte 

cubic  feet) 

40  bar 

2T0lta 

1-0    ohmR 

60    „ 

3    „ 

1-5        „ 

3 

120    „ 

6    „ 

30        „ 

6 

For  tension 

160    „ 

7    „ 

3-76      „ 

6 

"     240    „ 

12    „ 

60        „ 

9 

380    „ 

19    „ 

6-76      „ 

23 

680    „ 

34    „ 

12-25      „ 

37 

/     60    „ 

2-6  „ 

•26      „ 

6 

• 

I     60    „ 

3    „ 

•6        „ 

6 

"^or  quantity    ... 

(   100    „ 

6    „ 

1-0        „ 

9 

f   200    „ 

10    „ 

2-0        „ 

23 

I   400    „ 

20    „ 

4-0        „ 

37 

«l> 
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For  tension 

I    340  bars 
I    680    „ 

17  volts 
34    „ 

5*75  ohms 
12-25    „ 

1*5  pounds 
20      „ 

For  quantity    ... 

•(    190    „ 

I    400    „ 

• 

10    „ 
20    „ 

2-0      „ 
4-0      „ 

1-5     „ 
20     „ 

CHAKCOAL-PILE. 

For  tension 

I      100  bars 
190    ;y 

50  volts 
8-6    „ 

1*0  ohms 
3-4    „ 

'33  pounds 
•60      „ 

For  quantity    ... 

[       60    „ 
1      100    „ 

30    „ 
60    „ 

•6  ;, 

1-0    „ 

•33      „ 

•60      „ 

For  the  benefit  of  those  who  have  not  access  to  the  circulars  of 
the  Thermo-Generator  Company,  it  may  be  interesting  to  give  a 
few  of  the  prices  charged  for  these  piles.  They  are  for  the  tension 
or  small-sized  bar  as  follows : — 


£      8. 

d. 

2  volts 

3    0 

0    . 

40  bars 

3    „          *        . 

•4    0 

0    . 

,      60    „ 

6    „ 

6  10 

0    . 

•    120    „ 

12     „          .        . 

13    0 

0    . 

240    „ 

34     „          .        . 

32    0 

0    . 

.    680    „ 

For  the  quantity  or  large- 

-sized  bars : — 

> 

£     ». 

d. 

3  Tolts 

• 

8    0 

0    . 

60  bars 

10     „          .         . 

• 

20    0 

6    . 

200    „ 

20    „          .        . 

• 

32    0 

0    . 

400    „ 

The  coke-piles  are  charged  as 

follows  :- 

— 

£      8. 

d. 

10  volts  (quantity) 

• 

20    0 

0    . 

190  bars 

20    „            „ 

• 

32    0 

0    . 

400    „ 

17     „     (tension) 

• 

20    0 

0    . 

340    „ 

34     jj            >> 

• 

32    0 

0    . 

680    „ 

I  have  myself  verified  in  several  cases  the  tensions  and  resist- 
ances given  in  the  above  tables  and  find  them  to  be  very  correctly 
stated.     The  resistance  of  the  piles  when  heated  is  rather  more 
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than  25  per  cent,  greater  than  when  cold ;  the  reeistanoe  given  in 
the  above  table  is  that  of  the  piles  in  their  hot  state. 

A  thermo-pile  of  144  bars  is  usually  arranged  in  18  successive 
layers,  each  consisting  of  eight  elements,  and,  as  some  of  these  are 
more  fully  exposed  to  the  heat  than  others,  the  tension  of  the 
several  layers  varies  accordingly.  The  following  is  one  among 
many  measurements  of  the  diflferent  tensions  commencing  at  the 
top — it  applies  to  the  ordinary  form  of  pile 

1st  layer  of  8  bars 


2nd 

3rd 

4th 

5th 

6th 

7th 

8th 

9th 

10th 

11th 

12th 

13th 

14th 

15th 

16th 

17th 

18th 


?? 


79 


79 


99 


99 


M 


?> 


» 


>> 


99 


>> 


99 


JJ 


)J 


J? 


JJ 


J> 


•40  volts 

•49 

•52 

•51 

•50 

•49 

•49 

•56 

•50 

•51 

•52 

•52 

•55 

•55 

•56 

•51 

•43 

•26 


8-87  volts 


It  is  thus  seen  that  the  lowest  layer  does  not  give  half  the  tension 
of  the  middle  layers,  and  that  the  upper  layer  is  also  weaker  than 
those  beneath  it.  When  the  pile  is  first  heated  the  upper  bars 
give  the  greater  tension. 

The  tension  of  the  pile  as  a  whole  was  8*83  volts,  and  its  resist- 
ance when  hot  3*5  ohms. 

The  pile  takes  about  one  hour  to  attain  its  full  potential,  as 
shown  by  the  following  experiment  on  a  pile  of  240  bars : — 


Acquired  tension. 

-    2       volts 

-    4 

?> 

-    4-75 

99 

»    5-50 

V 

-    6-50 

99 

-    7-25 

99 

-    8-16 

M 

-    8-80 

» 

.    9-0 

>r 

-    9-50 

„    (full  tension) 

he    powerfiil    current  flowing 
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Minutes. 

5  -  .  - 

.       10  .  -  - 

15  -  .  - 

20  -  -  - 

25  -  -  - 

30  -  -  - 

40  -  -  - 

50  -  -  - 

60  .  -  - 

70  -  -  - 


through  it  tends  to  cool  the  interior  junctions  and  to  heat  the 
exterior  ones,  from  causes  which  will  be  referred  to  later  on.  The 
result  is  that  the  temperature  of  the  opposite  ends  tends  to  become 
equalised,  and  the  tension  of  the  pile  is  temporarily  lowered.  Thus 
the  above  pile,  short-circuited  by  a  resistance  equal  to  its  own, 
viz.  3*5  ohms,  has  its  tension  soon  reduced  from  8*5  volts  to  8*3 
volts,  or  less.  In  a  similar  way  the  thermo-pile  may  be  "  polarised," 
as  it  is  somewhat  inaccurately  termed,  by  passing  the  current  from 
a  Grove's  or  Daniell's  battery  through  it,  the  result  being  to  heat 
one  series  of  junctions  and  to  cool  the  alternate  ones,  thus  leaving 
the  pile  in  a  condition  to  give  out  a  very  sensible  current. 

The  thermo-piles  are  so  sensitive  that  it  is  difBcult  to  find  one  in 
such  a  state  of  equilibrium  as  to  give  no  current  in  either  direction ; 
if  it  be  so  the  passing  of  the  hand  into  the  interior,  or  the  breathing 
into  it,  or  the  approach  of  the  body,  immediately  sets  up  a  con- 
siderable action,  and  while  they  are  in  action  the  effect  of  a  distant 
fire  or  the  opening  of  a  window  produces  a  sensible  effect  on  their 
potential.  It  becomes  important,  therefore,  when  two  or  more  piles 
are  employed  to  keep  them  as  far  apart  as  possible  and  to  allow 
them  free  radiation. 

Among  the  uses  to  which  thermo-piles  may  be  advantageously 
employed  is  that  of  electro-deposition,  and  they  are  already  much 
used  for  electro-plating.  The  data  for  calculating  the  quantity  of 
copper  or  silver  that  may  be  so  deposited  are  ftirnished  by  the  table 
already  given,  remembering  that  a  tension  of  one  volt  ot  q^^tv  ^i^a- 
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fourth  of  a  volt  is  sufficient  for  the  deposition  of  oopper.  A  battery 
of  375  elements,  having  a  resistance  of  4*5  ohms  and  a  tension  of 
14'6  volts,  was  found  in  practice  to  deposit  about  180  grains  of 
copper  per  hour,  but  then  the  tension  was  sufficient  to  have  created 
a  similar  deposit  in  several  successive  cells,  so  that  no  practical 
results  have  yet  been  obtained  or  made  known  which  would  at  all 
compare  with  the  theoretical  possibilities  of  the  case. 

The  specimen  of  copper  produced  is  one-half  of  a  plate  6  inches 
square,  which  was  deposited  by  20  bars  in  23  hours ;  the  potential 
was  half  a  volt  and  the  internal  resistance  '025  ohm ;  it  is  very 
tough  and  excellent. 

The  mechanical  power  obtainable  from  these  elements  bj  electro- 
magnetic engines  has  not  yet  been  put  to  any  practical  use.  It  is 
certainly  given  out  in*  a  very  convenient  form,  but  theoretical  con- 
siderations abundantly  show  that  it  cannot  be  regarded  as  ever 
likely  to  form  an  economical  source  of  power.  With  a  particular 
electro-magnetic  engine  of  ordinary  form  the  lifting  power  of  90 
large-sized  bars,  consuming  10  cubic  feet  of  gas  per  hour,  was 
equal  to  40  lbs.  raised  one  foot  high  per  minute.  A  coke-pile 
burning  2  lbs.  of  coke  per  hour  would,  with  this  machine,  lift 
9,000  lbs.  one  foot  high  per  hour,  at  a  cost  of  less  than  one  half- 
penny, and  this  without  employing  the  whole  of  the  tension  at 
command.  The  electric  light  furnished  by  these  batteries  is  very 
powerful  and  constant,  but  the  tension  necessary  to  produce  a  good 
light  is  so  considerable  that  a  very  large  number  of  elements  has 
to  be  employed,  and  I  have  not  been  able  to  obtain  any  informa- 
tion as  to  their  practical  use  for  this  purpose.  I  hope  that  in  the 
discussion  which  may  follow  this  paper  some  such  information  on 
both  the  above  points  may  be  given. 

At  this  point,  the  usual  hour  for  adjournment  having  already 
been  exceeded,  it  was  announced  that  the  reading  of  the  concluding 
portion  of  the  paper  would  be  carried  over  to  the  next  meeting. 
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I  Forty-ninth  Ordinary  General  Meeting  was  held  on  Thiu-s- 
day,   the   11th   May,    1876,  Mr.    C.   V.    Walker,   F.H.8,, 

President,  in  the  Chair. 


A  communication  [the  text  and  illusti'ationa  accompanying 
which  will  be  found  at  page  257,  Nos.  XII,  and  XIV.,  vol.  v.] 
from  Mr.  Willougliby  Smith  on  a  new  form  of  gutta-percha  joint 

erranoan  telegraph  wires  was  read. 
I  Mr.  Latimer  Clahk  said :  Although  there  is  to  be  no  discuseion 
»on  this  communication,  I  cannot  help  remarking  that  this  joint 
is  due  to  one  of  the  discussions  which  took  pla^o  in  this  room,  and 
it  shows  how  much  good  it  does ;  it  shows  the  practical  benefit 

Kit  is  derived  from  communications  and  discussions. 
The  President  : — It  is  my  pleasing  duty  to  call  your  attention 
,  aud  to  iigk  your  acceptance  of,  a  portrait  of  Dr.  Siemens, 
and  also  to  invite  your  vote  of  thanks  to  Major  Bolton  and 
Major  Webber,  founders  of  the  Society,  for  having  presented  to 
die  Society  ao  exceedingly  well  executed  a  portrait  as  that  which 
you  see  before  you  of  our  first  President,  a  gentleman  whom  wo 
all  greatly  respect,  and  who  holds  a  very  higli  position  in  science, 
JloTi  will  I  am  sure  agree  with  mo  that  it  is  a  very  good  likeness  of 
^Bk  Siemens.  It  has  been  painted  by  a  young  lady — Miss  Thomas 
^ptrhose  works  are  generally  seen  at  the  exhibitions  of  the  Hoyal 
Hbademy.  I  beg  to  propose  from  the  chair  that  the  cordial  thanks 
^■ihe  Society  be  given  to  the  gentlemen  who  have  presented  us 
^nth  this  portrait  of  our  first  President,  . 
^n!he  vote  of  tlianks  was  passed  by  acclamation. 
H|The  President  having  announced  that  tho  Council  had  passed 
^fe.  James  Draper  Bishop  from  the  class  of  Associates  to  that  of 
Bwnbers, 

^■Jlr.  Latimer  Clark  then  read  the  concluding  portion  of  his 
^K»ei'  on  "  M,  Clamond's  Thermo-Electric  Pile." 
^■En  the  paper  that  I  had  the  honour  of  reading  to  the  Society  ^.V 
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the  last  meetings  I  described  the  general  oonrtmetion  of  Glamond's 
thermo-pilesy  and,  had  time  permitted,  I  had  intended  to  illustrate 
their  action  by  making  a  few  measurements  of  the  piles  while  in 
work.  As  the  postponement  to  this  evening  gives  us  a  little  more 
time,  I  now  propose  to  review  some  of  the  principal  fiicts  conneoted 
with  thermo-electricity,  and  I  hope  it  will  not  be  found  unin- 
structive  if  I  illustrate  some  of  the  principal  phenomena  by  actual 
experiment. 

Seebeck  was,  1  believe,  the  first  to  observe  the  thermo-electrid 
action  in  1821  or  1822.  The  apparatus  he  used  was  ahnost 
identical  with  the  one  you  now  see  on  the  table. 

It  consisted  of  two  different  metals,  antimony  and  bismuth  being 
found  the  most  effective,  soldered  at  their  extremities,  so  as  to  tarn 
a  rectangular  frame,  within  which  was  suspended  a  magnetised 
needle  ;  as  soon  as  either  junction  was  heated  a  current  was  pro- 
duced through  the  bars,  and  the  needle  tended  to  stand  at  right 
angles  to  the  bars. 

Professor  Gumming  made  a  very  careftd  investigation  of  the 
phenomena,  and  succeeded  in  obtaining  magnetic  rotation  by  means 
of  the  current. 

1  have  here  a  piece  of  iron  and  a  piece  of  platinum  twisted 
together,  and  connected  with  the  galvanometer,  wliich  is  at  a 
distance  of  more  than  twenty  feet ;  but  you  perceive  that  the 
warmth  of  the  fingers  is  sufficient  to  produce  a  distinct  current— a 
piece  of  iron  and  copper,  or  zinc  and  iron,  does  the  same,  and 
wlien  I  employ  pieces  of  bismuth  and  antimony  the  warmth  of 
the  hand  causes  tlie  spot  of  light  to  pass  off  the  scale  and  traverse 
a  space  of  15  or  20  feet  along  the  wall.  I  may  here  remark  that 
the  range  of  the  scale  is  25  feet,  and  the  distance  of  the  galvano- 
meter from  the  scale  40  feet. 

The  galvanometer  is  wound  with  about  1,150  turns  of  No.  22 
wire,  in  two  parallel  circuits,  and  has  a  resistance  of  four  ohms. 
The  galvanometer  is  at  a  distance  of  about  twenty  feet  from  the 
lecture  table.     The  ordinary  limelight  is  used  for  illumination. 

I  have  here  one  of  Nobilis'  thermo-piles,  consisting  of  sixteen  very 
small  bars  of  antimony  and  bismuth,  the  whole  occupying  a  spaoe 
of  half  a  cubic  inch  ;  this  is  so  sensitive  that  the  mere  approach  of 
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the  hand  causes  a  current  to  appear,  and  a  gentle  touch  of  the 
finger  causes  a  violent  deflection  of  the  galvanometer. 

It  is  of  tK)urse  indifferent  whether  one  of  the  junctions  be  heated 
or  the  other  cooled.  Thus,  if  I  pour  a  few  drops  of  ether  on  the 
pile,  the  deflection  is  equally  powerftd  in  the  opposite  direction. 

As  I  have  before  remarked,  this  form  of  pile,  with  a  larger 
number  of  pairs  and  with  suitable  polished  reflectors  and  screens, 
forms  the  most  sensitive  heat-measurer  known ;  if  made  in  acircidar 
form  the  heat  of  the  smallest  insect  would  be  easily  shown. 

It  was  soon  found  that  currents  were  produced  not  only  by  dis- 
similar metals  but  by  the  same  metal  in  different  states  of  crystal- 
lisation, or  of  hardness,  which  alters  the  molecular  condition  of  the 
metal  and  affects  its  thermo-electric  properties.  Thus,  hammering,  or 
twisting,  or  stretching  the  metal,  produces  a  permanent  effect.  Sir 
William  Thomson,  who  has  diligently  investigated  this  branch  of 
electrical  science,  as  well  as  others,  showed,  in  1856,  that  the  mere 
temporary  stretching  of  a  wire  by  weights  or  compressing  it  by 
force  produces  a  change  in  the  thermo-electric  quality  of  the  metal^ 
wWch  disappears  a.  soon  a^  the  stress  is  removed.  Magnetisation  of 
a  piece  of  iron  or  steel  produces  the  same  effect.  The  influence  of 
molecular  arrangement  is  in  some  cases  very  powerful.  Thus  in 
bismuth  a  crystal,  connected  by  its  side  to  lead,  gives,  under 
certain  conditions,  a  tension  of  45  microvolts ;  if  connected  by  its  end 
the  power  rises  to  65 ;  and  if  the  same  metal  be  pressed  hot  through 
a  die,  so  as  to  form  a  kind  of  hardened  wire,  its  force  increases  to  97. 

Metals  are  not  the  only  substances  which  produce  thermo-electric 
effects.  Most  other  conducting  substances  do  the  same ;  thus  the 
sulphides  of  lead  (galena),  iron  pyrites,  copper  pyrites,  and  the 
sulphides  of  other  metals,  the  native  oxide  of  manganese 
(pyrolusite),  phosphorus,  carbon,  and  other  substances,  produce 
powerftd  effects,  and  have  been  successfully  employed  in  making 
thermo-piles.  Selenium  is  in  fact  by  far  the  most  thermo-negative 
substance  known,  being  more  than  thirty  times  as  powerful  as 
antimony. 

There  is  another  source  of  thermo-electric  power,  viz.  that 
produced  when  two  pieces  of  metal  are  heated  to  different  tem- 
peratures and  connected  by  a  fiised  salt  capable  of  conducting 
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electricity ;  it  seems  to  be  indifferent  what  metal  is  used  or  wliat  is 
the  nature  of  tlie  salt.  The  current  is  always  firom  the  hotter 
metal  through  the  salt  to  the  cooler  metal. 

There  is  also  a  thermo-electric  effect  produced  when  certain 
crystals  are  heated — the  best  known  of  these  is  tourmaline,  which, 
when  heated,  exhibits  electricity  of  high  tension  at  its  ends— the 
electricity  being  positive  at  one  end  and  negative  at  the  other; 
oven  broken  fragments  of  the  crystal  have  the  same  property. 

We  have  hitherto  spoken  chiefly  of  the  effect  produced  by  a 
contact  of  dissimilar  metals,  but  there  is  another  way  of  prodacing 
a  thermo  current.  When  two  pieces  of  the  same  metal  are  placed 
in  contact,  one  hot  and  tlie  other  cold,  a  considerable  thermo- 
electric current  is  produced.  I  have  here  two  pieces  of  iron-wire. 
1  heat  one  in  the  spirit  lamp  and  place  it  in  contact  with  the  other; 
a  current  passes  through  the  heated  junction  from  the  hot  metal 
to  the  cold ;  if  I  heat  the  other  piece  of  metal  the  current  is 
reversed. 

Platinum,  copper,  zinc,  and  other  metals  produce  the  same 
result.     Hot  and  cold  mercury  produce  no  such  effect. 

Sir  William  Thomson  discovered  the  singular  fiict,  that  when  a 
metal  circuit  is  heated  at  one  spot,  and  a  current  is  passed  through 
it,  the  heat  is  conveyed  by  the  current  in  a  direction  dependent  on 
the  nature  of  the  metal.  With  iron  or  platinum  the  heat  is  carried 
by  the  positive  current  from  hot  to  cold,  witli  copper  and  other 
metals  in  the  reverse  direction. 

Peltier,  in  1834,  had  discovered  a  somewhat  analogous  effect 
His  theory  was,  that,  when  a  thermo  current  was  formed  in  a  circuit 
of  bismuth  and  antimony,  there  was  an  absorption  of  heat  at  the 
surfaces  of  contact  at  the  warmer  junction,  and  an  evolution  of  heat 
at  the  colder  junction,  and  that  the  same  result  was  obtained  if 
a  current  from  any  exterior  source  were  passed  through  such  a 
circuit ;  this  fact  is  easily  verified  by  experiment  I  have  in  ihi* 
small  box  an  arrangement  by  which  I  can  send  a  current  from  a 
single  Smee's  cell  through  a  circuit  of  bismuth  and  antimony ;  in 
immediate  juxtaposition  with  this  is  another  similar  circuit,  and 
the  wires  from  this  last  circuit  are  connected  to  the  galvonometer; 
there  is  no  electric  connection  between  them,  as  the  two  are  sepa- 
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rated  by  a  thickness  of  oiled  silk,  which  is  a  very  good  conductor 
of  heat,  but  not  of  electricity ;  the  whole  is  surrounded  by  cotton 
wool.  When  I  connect  the  battery  with  the  first  pair,  there  is  at 
first  no  effect  visible,  but  in  a  few  moments  the  heat  produced  by 
the  passage  of  the  current  across  the  junction  of  the  two  metals 
passes  through  the  oiled  silk  and  causes  a  thermo  current  in  the 
second  pair.  When  the  current  through  the  first  pair  is  reversed 
cold'  is  produced,  and  after  a  short  interval  of  time  its  effects  are 
manifested  by  the  production  of  a  current  in  the  opposite  direction 
through  the  secondary  circuit. 

L^nz  showed  that  the  cold  thus  produced  was  sufficient  to  freeze 
water  if  the  current  was  passed  between  two  pieces  of  metal  cooled 
to  about  33°  or  34°  Fahr.,  and  I  would  repeat  the  experiment  now 
but  that  our  time  does  not  permit. 

I  now  exhibit  a  table  of  a  few  of  the  principal  metals,  arranged 
in  the  order  of  their  thermo-electric  powers ;  the  upper  elements 
lemg  the  most  positive,  that  is  to  say,  a  positive  current  passes 
through  the  heated  junction  from  any  metal  to  any  other  metal 
lower  down  in  the  list  than  itself  and  vice  versa, 
Thebmo  Positive  : — 


Silyer  and  copper  •=! . 

HicroYolts  per  degree 
Centigrade. 

Galena 

...        ...        .*• 

^_ 

_ 

Bismath   ... 

+ 

24-96 

+  46  to 

66 

Mercury   ... 

+ 

2-52 

+ 

4-18 

Aluminium 

+ 

1-28 

Lead  wire... 

+ 

1-02 

Tin  wire  ... 

+ 

1-00 

— 

•1 

Copper 

+ 

1-00 

— 

•1 

Platinum ... 

...        .•*        *•• 
Thebmo  NEGATivk 

+ 

• 

•72 

•9 

Silyer 

...       1 

— 

— 

— 

3-0 

Graphite  ... 

...       < 

— 

•06 

Zinc 

.. 

— 

•21 

— 

3-7  . 

Iron  (piano  wire) 

— 

520 

_^ 

17-6 

Antimony*  •■ 

•*. 

— 

9-87 

—  23tQ 

26 

Antimony  2, 

Zinc  1 

— 

22-70 

Tellurium 

...        < 

^ 

179-80 

— 

602 

Selenium  ... 

...        1 

— 

290-00 

"■" 

807 

z2 
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Tlie  table  is  extracted  from  Dr.  Matthiesen's  paper  in  the 
Philosophical  Transactions  for  1858.  Referring  to  the  left-hand 
column  of  figures  it  will  be  seen  that  he  takes  silver  as  his  zero 
metal,  and,  calling  the  effect  of  a  silver-copper  pair  1 ,  he^  measures 
the  electro-motive  force  of  all  the  other  couples  by  this  standard, 
those  above  silver  being  considered  thermo-positive  metals,  and 
those  below  it  thermo-negative. 

The  I'ight-hand  column  is  a  table  calculated  fi'om  this  by  Pro- 
fessor Jenkin,  showing  approximately  the  thermo-electric  force  of 
each  couple  in  microvolts  for  each  degree  centigrade.  Professor 
Jenkin,  however,  takes  lead  as  his  zero  instead  of  silver.  ,The 
tensions  in  the  upper  half  of  the  table  are  therefore  positive  and 
those  in  the  lower  half  are  negative,  and  to  obtain  the  power  of 
any  positive  and  negative  couple  we  must  add  the  two  together ; 
thus  bismuth  and  antimony  have  a  force  of  45  +  23  as  compared 
with  that  of  silver  and  copper,  or  a  tension  of  68  microvolts  for 
each  degree  Centigrade. 

As  these  tensions  arc  relatively  fixed  quantities,  it  matters  not  in 
what  order  the  metals  are  combined;  a  compound  chain  of 
various  pairs  of  elements  gives  the  same  force  as  the  two  exterior 
elements.  Wo  may  gain  our  tension  by  uniting  successively 
bismuth,  lead,  copper,  zinc,  iron,  and  antimony,  the  intermediate 
metals  being  arranged  in  any  order  whatever,  or  by  taking  the 
bismuth  and  antimony  alone,  and  in  both  cases  the  resultant 
tension  will  be  the  same. 

It  is  rather  remarkable  in  regarding  the  order  of  arrangement 
of  the  metals  in  this  table  that  it  does  not  appear  to  have  any 
relation  whatever  to  the  order  in  which  they  stand  to  each  other  as 
regards  their  power  of  conducting  electricity  or  heat  or  their  relative 
specific*  heats,  or  the  order  in  which  they  stand  to  each  other  as 
respects  their  voltaic  forces.  The  old  familiar  copper  and  zinc 
combination  has  vfery  little  thermo-electric  power,  and  the  same  is 
true  of  zinc  with  silver,  platinum,  and  carbon.  On  the  other  hand, 
bismuth  and  antimony,  which  have  little  voltaic  power,  stand  at 
the  extremes  of  the  scale.  Selenium  is  singularly  negative,  and 
galena  and  some  of  the  sulphides  very  positive. 

If  we  seek  through  the  table  for  useful  thermo-electric  combina- 
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tions,  we  must  remember  that  our  elements  ought  to  be  very  good 
conductors  of  electricity  and  very  bad  conductors  of  heat :  they 
should  also  be  cheap. 

In  the  positive  list  bismuth,  which  stands  at  the  head,  is  at  pre- 
sent a  very  expensive  metal,  and  is  also  easily  fiised.  Grerman 
silver  and  copper  appear  the  best  metals  available.  In  the  negative 
series  we  find  iron  And  antimony,  and  yet  it  is  singular  to  find  M. 
Clamond  employing  iron  as  his  thermo-positive  metal;  there  is, 
however,  a  reason  for  this  which  will  appear  hereafter.  It  is 
remarkable  that  the  alloy  of  antimony  and  zinc  which  M.  Clamond 
used  is  so  much  more  powerftd  than  either  of  the  elements  alone, 
being  £wo  and  a-half  times  more  efficient  than  antimony.  This 
combination  was,  I  believe,  first  made  by  Roll  man,  and  is  described 
in  Poggendorff's  Annalen,  83,  84,  and  89.  Marcus  (or  Markus) 
employed  a  somewhat  similar  combination.  The  thermo-electric 
force  is  said  to  be  the  greatest  when  the  two  metals  are  combined 
in  the  proportion  of  their  chemical  equivalents,  but  the  increased 
resistance  of  the  alloy  neutralises  the  electrical  advantage  thus 
obtainable. 

The  thermo-electric  relations  gi\'en  in  the  above  table  are 
roughly  true  for  ordinary  temperatures.  For  every  increase  or 
decrease  of  temperature  some  change  of  power  occurs,  and  at  last 
the  very  order  of  arrangement  of  the  elements  is  changed.  For 
example,  at  300°  Centigrade  iron  stands  above  copper,  silver,  and 
zinc.  Sir  William  Thomson,  who  investigated  the  subject  fully  as 
long  ago  as  1856,  gives  several  such  tables  for  different  tempera- 
tures, and  his  admirable  paper  on  the  subject  will  be  found  in  the 
Philosophical  Transactions  for  that  year. 

The  fact  of  thermo-electric  inversion  was  first  observed  as  early 
as  1823  by  Professor  Cumming,  and  it  occurs  to  a  more  marked 
extent  with  iron  than  with  other  metals  on  accoimt  of  the  great 
change  in  thermo-electric  force  which  that  metal  undergoes  at 
different  temperatures. 

I  have  here  a  piece  of  zinc  with  a  piece  of  iron  wire  twisted 
around  it ;  on  applying  heat  to  the  junction  a  current  passes  jfrom 
the  zinc  to  the  iron,  and  as  the  temperature  rises  the  current  in- 
creases in  force ;  presently,  however,  it  attains  a  maximum,  and 
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as  the  heat  further  increases  the  force  diminishes.  As  we  approach 
the  molting  point  of  the  zinc  we  come  to  a  temperature  at  which 
there  is  no  thermo-electric  action  whatever;  the  needle  stands 
again  at  zero,  as  it  did  before  the  heat  was  applied. 

But  now,  as  the  heat  further  rises,  the  direction  of  the  current  is 
reversed,  and  tho  iron  becomes  positive  to  the  zinc,  and,  if  I  were 
to  continue  applying  heat  above  the  melting-point  of  the  zinc,  the 
deflection  would  be  as  great  on  the  one  side  of  zero  as  it  was  on 
the  other ;  iron  and  copper  present  the  same  phenomenon. 

Now,  in  order  to  understand  the  full  meaning  of  this  pheno: 
menon,  it  is  necessary  to  refer  to  the  diagram  No.  10. 


too' 


OEpREES  CCNTlGRAOE 
200*  300*  400* 


900' 


600' 


Fig.  10. 

This  diagram  is  extracted  from  Professor  Jenkin's  work  on 
Electricity  and  Magnetism,  but  was  first  given  by  Sir  William 
Thomson  in  his  Bakerian  Lecture  of  1856.*  The  figures  along  the 
top  of  the  diagram  represent  temperatures  ranging  from  zero,  or 
tho  freezing  point,  on  the  left,  up  to  600°  Centigrade  on  the  right. 
The  figures  on  the  side  of  the  table  represent  tension  expressed  in 
microvolts,  and  in  the  upper  half  of  the  table  the  tensions  are  plus 
or  positive,  and  in  the  lower  half  negative.  The  zero  or  middle  of 
tlie  table  is  occupied  by  a  line  representing  lead,  and  it  is  assumed 
for  the  purposes  of  this  diagram  that  this  metal  has  the  same 
thcrmo-electrical  power  at  all  tensions  from  0°  to  600°  Centigrade. 
Now  this  being  so,  the  tensions  of  the  other  metals  at  all  tem- 
peratures are  represented  by  the  diagonal  lines  which  cross  the 
diagram.    Thus  platinum  at  0°  Centigrade  stands  on  the  left  a  little 

♦  The  diagram  referred  to  will  be  found  at  page  178  of  Prof.  Fleemiug  Jenkin's 
work.    He  has  reduced  the  tensions  to  absolute  measurement. 
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negative  to  lead,  but  at  600°  it  becomes  positive  to  the  extent  of 
nearly  ten  microvolts ;  at  about  150°  it  is  indifferent  to  lead,  and 
gives  no  thermo  current.  Zinc,  on  the  contrary,  is  indifferent  to 
lead  at  some  temperature^,  a  little  below  freezing  not  shown  on  the 
table,  and  as  it  gets  hotter  it  gets  more  and  more  negative,  and  at 
the  temperature  of  600^  it  becomes  negative  to  the  extent  of  nearly 
twenty  microvolts.  Iron,  which  stands  among  the  negative  metals 
in  the  ordinary  list  of  thermo  elements,  starts  at  ordinary 
temperatures  very  negative  to  lead,  but  at  higher  temperature 
becomes  very  positive  to  it,  and  it  is  this  property  which,  with  the 
high  temperature  attained  in  M.  Clamond's  piles,  makes  it  a  more 
suitable  metal  for  the  positive  element  than  any  other.  The  lines  for 
bismuth  and  antimony  are  unfortunately  not  given  in  Sir  WiUiam 
Thomson's  diagram.  It  will  be  seen  that  at  about  360°  Centigrade 
iron  and  zinc  are  indifferent  to  each  other,  as  we  saw  also  by  our 
last  experiihent,  and  this  neutral  point  is  one  of  much  interest,  for 
if  we  were  to  connect  a  series  of  different  metals  together,  and  heat 
each  of  the  junctions  to  its  neutral  temperature,  we  should  have 
a  compound  pile  heated  or  cooled  to  various  temperatures,  and 
yet  without  the  slightest  thermo-electric  tension  in  any  part  of  it. 

The  following  table,  prepared  by  Professor  Tait,  gives  the  tem- 
perature at  which  certain  metals  are  neutral  to  each  other. 

Iron              ...        -        -     -j-  357 

Tin +  45 

Brass +  27 

Lead    -------- 

Zinc -  32 

Copper         -        -        -        -        -     —  68 

Cadmium      -        -        -         -        -     —  69 

Aluminium  ------  113 

Silver -  115 

Palladium     -         -         -         -         -     —  181 

German  Silver       .        -         -        -     —  314 

We  will  now  measure  a  few  simple  elements  with  the  junctions 
heated  to  0°  Centigrade  and  to  100°  Centigrade  respectively,  the 


344  ON  CLAMOND'S  THERMO-ELECTEIC  BATTBRT.    [11th  May, 

junction  of  each  being  immersed,  the  one  in  melting  ice  and  the 
other  in  boiling  water. 

The  apparatus  by  which  I  make  these  measurements  is  well 
known  to  you,  and  is  fully  described  in  the  Society's  Journal, 
vol.  ii.  p.  21,  under  the  name  of  a  Potentiometer,  so  called  because 
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Fig.  11. 

it  is  one  of  many  forms  of  instrument  for  measuring  differences  o 
potentials  (fig.  11).  A  wire  of  German  silver,  whose  resistance  £ 
can  vary  at  will  from  145*6  units  to  1456  units,  or  14560  units, 
has  a  difference  of  potential  of  1"456  volts  maintained  between  its 
extremities,  by  connecting  them  to  a  Clark's  standard  cell,  and 
maintaining  that  exact  potential  by  the  agency  of  a  large  thermo 
battery ;  each  unit  therefore  represents  -j-w  ^^  ^  volt  when  the  resist- 
ance is  145*6  units,  —oVo  when  it  is  1456  units,  and  ioloo  of  a 
volt  when  it  is  made  14560  units ;  the  actual  resistance  of  the  wire 
when  the  resistance  is  at  the  lowest  is  9*772  ohms,  and  when  at 
the  highest  977*2  ohms. 

On  the*  lower  scale  the  stretched  wire  enables  me  to  measure  any 
tension  up  to  1  volt,  and  the  9  coils  on  the  left,  which  are  each  of 
the  same  resistance,  enable  me  to  add  successively  9  volts,  so  that  I 
can  measure  at  once  any  tension  from  -j-^  volt  to  10  volts.  On 
the  higher  scale  I  can  measure  from  tow^  volt  to  iV  volt. 

The  tensions  I  obtain  are  as  follows : — 

1.  Copper  and  iron  -        -        -        -     -0006  volts 

2.  Platinum  and  iron         -        -        -     '0011     „ 

3.  German  silver  and  iron  -        -     '0020    „ 
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^H         4.  Antimouy  and  bismuth  -         -         -     '0051  volts 
^P  5.  Clamoiid'a  alloy  and  iron        -         -     •0102     ,, 

^■d   it  ia  interesting  to  obaei've  how  much  higher  the  alloy  of 
^Kimony  and  zinc  Btands  than  that  of  any  of  the  other  elements, 
^p(Mr.    Clark  here  proceeded  to  make  several  measures   of  the 
poteDtiai  of  Clamond's  piles  by  means  of  the  potentiometer,  tlie 
results  of  which  were  shown  to  be  in  accordance  with  those  given 
in  the  table  at  pages  330-331.) 

1  believe  that  there  are  about  250  of  these  piles  now  in  use  in 
England  and  about  300  in  France,  besides  others  in  almost  every 
civilised  country.  I  have  seen  a  list  of  nearly  20  lai'ge  firms  or 
companies  already  using  thorn  in  this  country,  besides  a  vast  num- 
ber of  foreign  Govemmenta  and  iuatitutiona.  I  have  found  them 
extremely  convenient  for  laboratory  use,  and  by  utilising  the  waste 
heat  of  the  kitchen  fires  they  might,  I  have  no  doubt,  be  advan- 
tageously used  for  domestic  purposes,  ' 

Mr.  W.  H.  Preeoe:  I  am  quite  sure  I  shall  be  echoing  the 
thoughts  of  all  here  present  when  I  say  that  we  are  moat  thankful 
to  Mr.  Latimer  Clark  for  having  brought  before  tliis  Society  not 
only  suoh  an  intoreatiug  subject,  but  for  having  brought  it  before 
us  in  snch  a.  perfect,  complete,  and  successful  manner.  We  have 
never  had  anything  produced  before  the  Society  in  ancli  a  way 
before,  and  we  can  only  hope  that  it  will  bo  the  prelude  to  several 
such  papers.  It  ahows  this,  that  if  good  men  will  bring  forward 
good  subjects  they  will  always  secure  good  audiences ;  and  I  am 
sure  the  aurlience  on  tliia,  as  well  as  on  the  last  occasion,  must  be 
taken  as  a  comphraeut  to  Mr.  Latimer  Clark.  The  Poat  Office  autho- 
rities have  bad  some  esperienee  of  the  practical  working  of  these 
thermo-electric  piles.  For  some  months  past  we  have  employed 
in  Telegraph  Street  five  pairs  of  Clamond's  thermo  piloa  in  working 
circuits  on  what  ia  called  the  universal  battery  system,  that  ia,  work- 
ing many  circuits  from  the  same  set.  Three  were  employed  first 
in  working  22  circuits,  which  were  gradually  increased  to  42  4  and 
the  two  others  were  employed  in  working  first  20,  which  were  gra- 
dually increased  to  48,  so  that  really  these  five  piles  of  thermo- 
electric batteries  were  used  in  working  90  separate  and  distinct 
cirouita  from  Telegraph  Street,     I  should  mention  that  the  circuits 
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were  all  under  100  miles  in  length.  The  result  was  satisfactory,  ^^Jy 
I  am  compelled  to  say,  certain  faults  developed  themselves.     In 
working  out  a  new  thing  we  must  expect  to  meet  with  faults;  faults 
are  simply  the  lessons  of  experience,  and  if  we  did  not  meet  with 
faults  we  should  not  succeed  in  advancing  and  reaching  perfection. 
The  result  of  these  faults  has  been  to  produce  that  last  improvement 
which  Mr.  Latimer  Clark  explained,  where  the  diminished  action  of 
the  little  jets  of  gas  was  prevented  from  being  projected  upon  the 
metal  itself  by  the  interposition  of  an  iron  plate.    This  new  form  has 
not  yet  been  introduced  at  Telegraph  Street,  and  we  hope  when  we 
introduce  it  to  be  able  to  work  even  a  greater  number  of  circuits 
than  we  do  at  present.   One  great  merit  the  system  has  displayed  is 
this — that  from  a  surface  not  much  larger  than  this  table  we  have 
been  able  to  work  these  90  circuits  and  to  replace  by  their  means 
no  fewer  than  2535  cells.     Any  apparatus  that  in  these  days  of 
high  pressute  economises  space  is  in  itself  a  great  advantage.    At 
the  same  time  we  cannot  expect  a  noveliy  of  this  kind  to  be  intro- 
duced without  some  demerits  either  in  the  shape  of  expense  or 
other  points.    At  present  our  experience  has  not  enabled  us  to 
arrive  at  any  definite  result  as  to  expense.     The  result  is,  up  to  the 
present,  the  figures  given  by  Mr.  Latimer  Clark,  are  very  nearly 
exact,  viz.  that  these  five  piles  consume  44  feet  of  gas  per  hour ; 
and  from  that  it  is  not  difficult  to  calculate  what  the  cost  will  be. 
I  will  not  say  more  except  this :  that  nobody  can  watch  the  results 
of  such  experiments  as  have  been  brought  before  us,  or  the  working 
of  such  an  instrument  as  this,  without  feeling  that  the  molecular 
theory  of  electricity — that  which  accounts  for  the  display  of  electri- 
cal effects  by  the  conversion  of   one   energy  to   another — must 
receive  more  acceptance,  for  we  in  these  experiments  have  the 
simple  change  of  the  molecular  constitution  of  bodies  producing 
those  conditions  which  determine  different  electrical  effects. 

The  President  :  The  time  for  closing  our  meeting  is  nearly 
arrived ;  but  during  the  few  minutes  that  remain  at  our  disposal  we 
should  be  glad  to  hear  Mr.  Higgins,  who,  I  believe,  is  not  unac- 
quainted with  these  instruments,  should  he  be  disposed  to  favour 
us  with  any  remarks.  I  may  add  that  the  paper  is  so  interesting, 
that  the  experiments  have  occupied  so  long  a  time  —  not  one 
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minute  too  long — and  that  before  we  meet  again  we  may  expect 
that  the  whole  subject — the  paper  itself,  and  the  discussion,  as  far 
as  we  have  gone  — will  be  in  your  hands  in  print — so  that  you 
will  have  a  good  and  long  opportunity  between  now  and  November 
of  thinking  over  many  points.  We  will  therefore  open  the 
remaining  portion  of  this  session  of  1876  in  November  by  resuming 
the  discussion. 

Mr.  HiGGiNS  :  There  is  not  much  time  left  for  me  to  say  what 
I  could  wish ;  but  I  would  correct  one  statement  which  the  Presi- 
dent has  made,  viz.  that  I  am  connected  with  the  Thermo-Electric 
Grenerator  Company.     I  am  not  in  any  way  connected  with  it. 

I  have  estimated  the  relative  cost*  of  depositing  one  ounce  of 
copper  by  some  of  the  batteries  most  used  &r  that  purpose,  and 
find  that  the  thermo-electric  piles  heated  by  coke  are  the  most 
economical ;  next  in  order  come  the  bichromate,  Smee's,  Grove's, 
gas-heated  thermos,  and  Daniell's.  It  might  be  supposed  that  the 
Smee's  battery,  from  the  simplicity  of  its  action  and  cheapness  of 
the  materials  employed;  would  have  been  first  on  the  list,  but  I 
found,  on  trial  with  a  battery  having  a  new  platinized  plate,  that 
the  potential  during  action  diminished  more  than  40  per  cent  from 
its  potential,  with  battery  inactive,  and  from  the  very  rapid  rate 
of  increase  when  the  potential  was  being  taken  I  believe  it  must 
diminish  about  50  per  cent.,  or  to  about  ^  volt  The  quantity  of 
zinc  dissolved  in  an  element  has  no  more  to  do  with  the  quantity 
of  copper  the  battery  is  capable  of  precipitating  than  the  quantity 
of  water  evaporated  has  to  do  with  the  power  of  the  steam  pro- 
duced ;  the  chief  consideration  is  the  tension  or  the  force. 

With  a  bichromate  element  having  a  potential  of  two  volts  pre- 
cipitation of  copper  can  be  effected  in  four  successive  vessels,  while 
the  consumption  of  zinc  is  only  chemically  equivalent  to  the  copper 
deposited  in  one  vessel.  I  mention  this  to  show  the  great  adapta- 
bility of  the  thermo  piles  to  electro-metallurgy.  The  intensity  and 
volume  of  the  current  can  be  varied  at  will  to  suit  the  surfaces  and 
solution  employed.  Although  the  bichromate  battery  generates  elec- 
tricity more  cheaply  than  the  gas-heated  thermo  piles,  its  tension 
cannot  conveniently  be  reduced  to  that  just  sufficient  to  precipi- 

.  *  See  tftble  at  pages  348-349. 
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tate  copper,  and  a  system  of  vessels  arranged  to  utilize  the  current 
up  .to  the  extent  of  its  capabilities  would  be  difficult  to  manage. 

The  applications  of  this  pile  are  very  numerous.  The  force  of  a 
small  pile  working  a  motor  day  and  night  could  keep  the  weights 
of  a  large  clock  always  wound  up.  Permanent  magnets  for  the 
removal  of  iron  from  brass  filings  can  be  made  and  rotated  by  the 
same  battery.  -  The  encrustation  of  steam-generating  boilers  may 
be  to  some  extent  prevented  by  the  current  from  a  small  pile  built 
around  the  flue  or  any  other  hot  place.  A  smaU  circle  of  ten  pairs 
placed  above  the  flame  of  a  signal  lamp  would  indicate  the  state 
of  affairs  to  a  distant  signal  box. 

The  two  largest  piles  we  have  had  at  work  had  an  electromotive 
force  equal  to  about  120  volts.  The  electric  arc  from  these  two 
piles  was  about  |-inch  long,  and  coidd  be  maintained  for  any 
length  of  time.  One  small  coke  pile  equal  to  20  volts,  and  offering 
four  ohms  internal  resistance,  was  kept  at  work  for  some  months, 
and  performed  most  satisfectorily .  It  is  very  easily  maintained  at  its 
full  power  if  the  grate  be  stirred,  about  once  every  two  or  three 
hours.  A  coke  pile  this  size,  built  up  with  small*  bars,  would  contain 
1200,  and  be  equal  in  electromotive  force  to  60  telegraphic  Daniell's, 
but  twelve  times  that  number  would  havo  to  be  joined  up  quanti- 
tively  to  make  the  internal  resistance  equal.  Such  a  pile,  there- 
fore, could  do  the  work  of  at  least  720  telegraphic  Daniell's.  Mr. 
Preece  shows  that  these  piles  can  be  put  to  more  work  than  would 
be  estimated  from  their  power  as  compared  with  ordinary  batteries, 
I  may  then  safely  say  that  such  a  pile  would  do  the  work  of  1000 
cells  at  a  cost  of  about  4rf.  per  day  of  twenty-four  hours. 

Cost  of  depositing  one  ounce  of  Copper  by  various  Piles. 


Battery. 

Potential 
taken  as. 

Cost  in 
farthings. 

Daniell's     . 

• 

. 

i-o 

1-9418 

Bichromate 

• 

• 

20 

•9823 

Grove's 

. 

• 

1-8 

1-6145 

Smee's 

• 

. 

•5 

1-1750 

Thermo,  heated 

by 

coke 

t         •         .         • 

-51 

Do,     heated 

h. 

gas 

t         •         •         t 

1-72 
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Prices  taken  as— 
Bichromate   . 
Nitric    . 
Sulp.  of  Copper 
Sulp.  Acid    . 
Zinc 


6d.  per  lb. 

lOd.      „     (filming). 
Hd.    „ 
Id.      „ 
S^d.    „ 


On  the  motion  of  the  President  a  cordial  vote  of  thanks  was 
passed  to  Mr.  Latimer  Clark  for  his  paper,  and  for  the  interesting 
illustrations  by  which  it  had  been  accompanied. 

Mr.  Latimer  Clare  :  I  have  only  to  thank  you  for  the  kind 
manner  in  which  you  have  received  my  paper,  and  I  am  glad 
if  it  has  been  of  any  use  to  the  Society.  I  may  add  that  the 
apparatus  I  have  used  is  at  the  service  of  any  member  who  may 
desire  to  employ  it  for  his  own  purposes  for  a  short  time.  I 
am  aware  that  it  is  rather  a  costly  arrangement  for  a  single  paper, 
but  in  doing  so  my  object  has  been  that  it  might  to  some  extent  be 
at  the  service  of  the  members. 

The  following  Candidates  were  then  balloted  for,  and  declared 
duly  elected :  — 

As  Member  : — 


R.  Sawer* 


As  Associates  : — 


F.  Thornton. 
W.  Downing. 
H.  Kingsford. 

After  which  the  Meeting  adjourned. 


360  [22iid  Nov. 


The  Fiftieth  Ordinary  General  Meeting  was  held  on  Wednesday, 
the  22nd  November,  1876,  Mr.  C.  V.  Walker,  F.B.S., 
President,  in  the  Chair. 

The  President  rose  and  said — 

Gentlemen, — I  am  very  pleased  again  to  meet  you  after  our 
long  recess,  to  meet  you  again  as  heretofore  under  this  very 
hospitable  roof.  However  much  you  and  I  may  have  been  resting, 
and  then  again  working  aft;er  our  respective  holidays  were  ended, 
the  officers  of  the  Society  have  unquestionably  been  most  diligent 
— they  must  have  had  more  work  than  rest ;  for  they  have  brought 
us  into  the  happy  position  that  all  arrears  of  printing  up  to  the 
present  date  are  worked  up,  and  No.  13  of  the  Journal  of  the 
Society  is  very  nearly  ready  for  issue.  I  say  the  printing  has  been 
worked  up  to  the  present  date.  It  is  so,  except  that  it  was  thought 
more  convenient  for  Mr.  Latimer  Clark's  paper  on  the  thermo- 
electric battery,  read  at  the  meeting  previous  to  the  recess,  and 
the  discussion  of  it  which  was  adjourned  till  this  present  meeting, 
might  appear  together  in  the  forthcoming  number.  And  I  may 
also  state  that  arrears  of  another  kind  have  been  worked  up  suc- 
cessfully, I  mean  the  arrears  of  subscriptions  ;  for  I  need  hardly 
say  that  working  up  the  arrears  of  printing  would  have  been  in 
vain  if  the  Treasurer  was  not  in  possession  of  ftmds  to  pay  the 
charges  which  the  printer  has  against  us.  I  will  now  call  upon  the 
Secretary  to  read  the  minutes  of  the  last  Ordinary  Meeting. 

The  minutes  having  been  read  and  confirmed  and  the  list  of 
new  candidates  read, 

The  President  said  :  I  wish  to  inform  you  that  the  Society  has 
received  a  very  unique,  valuable,  and  interesting  document  since 
last  we  met.  It  is  in  the  Latin  language,  and  will  appear  verbatim 
in  the  Journal  of  the  Society,  together  with  a  translation.*  It  is  an 
impression — not  a  copy  or  reprint — of  the  original  communication 
made  by  Professor  CErsted  relative  to  the  discovery  of  electro- 

*  The  verbatim  copy  of  this  document,  together  with  a  translation  in  English, 
will  be  found  at  page  459  of  the  present  number. 
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magnetism.  The  possession  of  this  valuable  document  will  add 
very  much  to  the  interest  of  our  library.  The  Society  have  also 
received  an  autograph  of  Professor  CErsted  himself.  I  will  now 
call  upon  Mr.  Latimer  Clark  to  give  us  the  benefit  of  any  further 
observations  he  may  feel  disposed  to  offer  in  continuation  of  the 
remarks  upon  the  thermo-electric  pile  which  he  laid  before  us  last 
Session. 

Mr.  Latimer  Clark:  I  have  now  only  to  describe  the  new 
form  of  apparatus  which  has  been  introduced  to  your  notice  this 
evening.  The  improved  apparatus  on  the  table  is  that  of  Mr. 
Leonard  Wray  and  Mr.  Cecil  Wray,  the  sons  of  Mr.  Leonard 
Wray,  who  is  well  known  to  many  of  us  in  connection  with  the 
insulating  material  known  as  Wray's  Compound,  and  as  having 
taken  an  active  part  in  the  introduction  of  this  battery  into  England. 

The  first  improvement  is  in  the  manner  of  casting  the  bars. 
They  are  cast  under  pressure  as  they  always  have  been,  and  the 
change  consists  in  the  use  of  a  small  tongue  of  tinned  iron  cast 
down  the  centre  of  the  bar  extending  nearly  its  whole  length. 
This  adds  materially  to  the  strength,  and  it  is  stated  that  it  also 
decreases  the  resistance  and  increases  the  electromotive  force. 
At  any  rate  it  increases  the  strength  in  the  proportion  of  about 
30  lb.  to  50  lb.  so  that  they  are  not  so  fragile  as  before. 

The  next  improvement  is  in  the  method  of  building  up  the 
battery.  As  I  described  on  the  last  occasion,  the  bars  have 
hitherto  been  arranged  in  circular  rings  separated  by  a  disc  of 
silicate  of  potash  and  asbestos;  then  another  set  of  bars  and 
another  disc  and  so  on.  The  consequence  was  that  the  whole  of 
the  weight  of  the  upper  bars  rested  upon  the  lower  ones,  and 
this  weight  added  to  the  pressure  of  the  screws  was  sufficient  to 
cause  the  metal,  when  nearly  melted,  to  lose  its  form  and  ooze 
out.  Mr.  Wray  now  builds  up  the  battery  by  a  number  of  discs 
made  of  burnt  clay,  pipe  clay,  or  biscuit  ware,  and  between  each 
disc  interposes  a  small  triangle  of  the  same  material,  with  metal 
rods  to  hold  the  whole  together.  The  consequence  is  these  discs 
and  triangles  when  in  place  sustain  the  whole  pressure,  and  the 
thermo  bars  rest  upon  them  and  can  be  removed  and  re-arranged 
when  required  ;    by  this  improvement  they  are  relieved  from 
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pressure  and  are  not  so  liable  to  be  injured  by  the  heat  of  the 
battery. 

The  third  improvement  is  in  the  method  of  heating.  Instead  of 
the  gas  flames  impinging  directly  upon  the  bars  or  against  the  iron 
cylinder  within  the  thermo-battery  they  now  employ  an  inner 
cylinder  of  earthenware,  which  foims  the  centre  of  the  battery,  and 
they  build  up  the  bars  of  metal  around  the  cylinder  and  in  close 
contact  with  it,  each  bar  being  bedded  up  against  it  with  asbestos 
cement.  The  flame  therefore  cannot  get  in  contact  with  them,  and 
they  are  less  liable  to  be  injured  by  heat,  which  was  the  chief  cause 
of  difficulty  in  the  older  form  of  pile. 

Another  advantage  is  that  the  heat  is  more  uniformly  distributed, 
and  when  the  gas  is  extinguished  the  battery  cools  much  slower. 
Tlie  rapid  cooling  of  the  battery  after  the  flre  is  extinguished  ofl»n 
causes  fractures  when  the  gas  is  first  lighted  and  the  whole  pile  is 
cold;  there  is  moreover  a  great  condensation  of  moisture,  which  had 
been  supposed  to  cause  the  bars  to  crack  and  to  injure  them  by 
causing  oxidation ;  all  these  defects  are  more  or  less  obviated  by  new 
construction. 

The  next  improvement  is  in  the  gas  chamber.  Those  who  use 
these  batteries  know  that  there  is  sometimes  an  explosion  when 
you  first  light  them.  They  now  use  a  safety  gas  chimney  of  wire 
gauze  inside  the  burner,  through  which  the  gas  passes  before  it 
emerges  fi:om  the  burner,  and  the  consequence  is  you  cannot  have 
any  explosion. 

They  have  also  made  an  improvement  in  the  regulation  of  the 
supply  of  air  as  well  as  of  gas ;  beneath  the  battery  they  have  an 
arrangement  by  which  a  disc  can  be  lowered  or  raised  so  as  to 
adjust  the  amount  of  air  and  insure  the  most  perfect  combustion 
possible. 

Lastly,  they  fiirther  regulate  the  supply  of  air  by  little  covers  of 
fire-clay  placed  on  the  top  of  the  battery.  They  consist  of  per- 
forated radial  discs.  Improvements  have  also  been  effected  in  the 
coke  form  of  battery,  and  the  novelties  introduced  are  these :  they 
have  two  doors  in  the  coke  pile,  by  means  of  which  the  combustion 
can  be  inspected  and  the  vertical  bars  on  the  front  of  the  pile  can  be 
easily  removed  and  replaced,  clinkers  too  can  be  easily  removed, 
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whereas  formerly  it  was  necessary  to  empty  the  pile  to  get  out  the 
clinkers.  They  also  have  the  same  improvement  as  that  introduced 
in  the  gas  pile,  that  the  bars  are  supported  by  clay  discs,  and  any 
set  of  bars  may  be  removed  or  replaced.  There  is  also  in  the  coke 
pile  an  improved  method  of  feeding  the  fire  and  regulating  the 
combustion.  I  have  no  doubt  that  with  all  the  improvements  that 
time  and  experience  will  indicate  wo  shall  soon  consider  thermo- 
piles indispensable  for  telegraph  purposes  as  well  as  for  electro- 
chemical deposition. 

Mr.  W.  H.  Preece  :  I  have  very  little  to  add  to  what  I  said  on 
the  previous  occasion  when  this  subject  was  mooted  here.  I  then 
mentioned  that  six  of  these  piles  had  been  supplied  to  the  Post 
Office  department  by  the  Company,  and  had  been  used.  They 
were  employed  on  the  universal  battery  plan.  At  first  twenty 
circuits  were  attached  to  the  six  piles,  which  were  gradually  in- 
creased by  fives,  until  at  last  forty-three  distinct  circuits  were 
working  simultaneously  from  those  six  piles.  Each  of  these  piles 
successively  failed,  and  every  one  jfrom  the  same  cause — that  named 
by  Mr.  Latimer  Clark  in  his  paper,  viz.,  the  overheating,  by  which 
the  connection  between  the  two  plates  was  fused  or  destroyed. 
The  system  of  introducing  an  intermediate  plate,  so  as  to  work  by 
radial  heat  instead  of  the  direct  application  of  heat,  had  been  applied 
to  some  of  them,  but  owing  to  the  collapse  of  the  Company  the 
complete  set  promised  to  the  department  has  never  been  supplied, 
and  the  result  is  that  since  March  last  the  experiment  has  been  dis- 
continued. I  feel,  however,  bound  to  say  the  results  given  were 
so  satisfactory  as  to  make  the  use  of  this  battery  very  promising, 
and  we  are  in  hopes  that  this  Company  will  recover  its, position,  so 
as  to  be  enabled  to  supply  those  batteries  that  are  required  to  carry 
out  the  experiments.  The  results  we  have  found  in  practice  cor- 
responded exactly  with  those  stated  in  the  prospectus  itself,  and 
also  with  the  measurements  of  Mr.  Latimer  Clark.  The  consump- 
iion  of  gas  was  8  feet  per  hour,  and  the  electrical  force  and  internal 
resistance  agreed  with  the  figures  given.  When  this  order  is  com- 
pleted, when  the  batteries  are  again  attached  to  the  circuits,  and 
after  they  have  had  satisfactory  trial,  I  shall  have  great  pleasure 
once  more  in  bringing  the  matter  before  the  Society. 

VOL.  V.  2  A 
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Mr.  Cecil  Wray  (responding  to  the  President's  invitation)  said : 
I  do  not  know  that  I  can  say  much  in  addition  to  the  able  descrip- 
tion you  have  heard  from  Mr.  Latimer  Clark ;  but  there  are  one  or 
two  things  I  may  point  out  with  regard  to  the  increase  in  the 
strength  of  the  bars,  secured  by  the  adoption*  of  this  internal 
tongue,  which  may  be  interesting.  I  have  here  some  bars  that 
have  been  built  in  a  pile,  which  was  working  some  considerable 
time.  They  have  not  been  in  any  way  injured  by  heat  or  other- 
wise during  that  working ;  and  I  may  also  observe  that  the  pile 
was  made  of  bars  of  two  or  three  diflFerent  kinds.  To  test  the 
relative  advantage  of  this  long  internal  piece,  I  will  break  one  or 
two  of  these  bars,  and  you  will  have  the  opportunity  of  seeing 
[breaking  a  bar]  that  this  has  one  of  these  long  positives  in  it. 
You  will  notice  that  it  does  not  run  right  through  the  bar.  You 
will  also  notice  that  the  bar  generally  breaks  just  at  the  point  at 
which  this  long  tongue  ends,  and  that  the  remaining  portion  is  fiilly 
supported  by  the  discs.  The  object  of  the  long  tongue  is  to  protect 
the  outer  and  exposed  ends,  so  that,  should  the  bar  get  cracked  at 
any  time,  the  current  will  not  cease ;  and,  when  broken  to  that 
extent,  the  bar  still  clings  together.  In  a  bar  I  have  here  you  will 
see  the  connection  which  takes  place. 

This  model  shows  the  arrangement  of  the  bars  around  the  tube, 
against  which  their  inner  ends  abut  and  are  in  contact.  They  are 
all  built  in  with  clay  or  other  suitable  material,  so  that  neither  air 
nor  the  products  of  combustion  can  affect  the  junctions ;  con- 
sequently, after  working  a  considerable  time,  there  is  not  the 
slightest  deterioration  of  the  iron  positives,  such  as  takes  place  when 
they  are  not  so  protected.  In  the  larger  pile  (of  the  coke  machine) 
the  bars  are  built  In  vertical,  instead  of  horizontal,  sections,  so 
that  they  can  be  easily  removed  in  the  event  of  the  pile  being 
required  to  be  taken  fi'om  one  place  to  another ;  whereas  formerly, 
the  coke  machine  being  a  large  one,  it  was  necessary  to  take  it  to 
pieces  entirely  to  allow  of  its  being  removed. 

Mr.  Leonard  Wray,  Sen. :  I  would  ask  permission  to  add  one 
or  two  words  upon  the  great  point  which  has  been  mentioned  by 
Mr.  Latimer  Clark.  It  is  as  to  the  absolute  uselessness  of  a  ma- 
chine that  is  liable  to.  fuse.     Unless  you  can  do  away  with  that 
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liability,  and  insure  that  the  ends  of  the  bars  shall  remain  unin- 
jured by  the  heat  and  the  products  of  combustion,  you  have  a 
constant  source  of  danger.  Sooner  or  later  the  bars  must  come  to 
grief:  oxidation  must  take  place,  and  gradually  the  current  ceases. 
You  can  never  have  a  good  and  enduring  thermo-electric  machine 
unless  that  tendency  is  got  over.  The  open  bars — that  is,  where 
the  inner  ends  of  the  bars  are  exposed,  as  they  have  hitherto  been 
— are  always  subject  to  that  danger,  and  it  is  not  alone  a  single 
danger,  because  you  have  the  further  danger  of  damp^  arising  from 
condensation,  and  likewise  the  danger  arising  from  the  products  of 
combustion.  All  these  act  upon  the  very  thin  piece  of  iron,  which  is 
simply  coated  with  a  little  tin,  and  this  tin,  as  you  know,  will  not 
stand  any  large  amount  of  heat,  and  the  consequence  is  that  in  a  very- 
short  space  of  time  the  destructive  action  commences,  and  when  once 
commenced  continues  with  greater  or  less  rapidity,  according  to  the 
manner  in  which  the  pile  is  treated  after  the  gas  is  shut  off.  My 
sons  have  endeavoured  to  get  over  this  difficulty  by  the  employ- 
ment of  a  central  cylinder,  which  may  be  of  varying  thickness, 
according  to  the  metal  or  alloy  used  in  the- bars.  As  has  already 
been  touched  upon,  there  are  several  advantages  in  this.  It  is 
not  alone  the  protection  afforded  to  the  bars,  but  it  is  also  that 
this  tube  soon  becomes,  by  reason  of  the  well-adjusted  flame  and 
heat,  a  perfect  glowing  mass,  and  you  obtain  thereby  the  great 
object  of  uniformity  of  heating.  Unless  the  heat  becomes  com- 
paratively uniform  I  need  not  tell  experienced  men  like  yourselves 
that  you  get  only  an  inferior  current  One  tier  of  bars  will  give 
one  result  and  another  tier  another  result,  and  the  consequence 
is  that  they  all  vary.  In  the  paper  for  which  we  are  so  much 
indebted  to  Mr.  Clark,  he  has  shown  clearly  enough  that,  although 
the  difference  therein  exhibited  was  comparatively  small,  it 
must  have  been  a  good  machine  he  experimented  upon,  for  in 
practice  it  has  been  proved  that  the  difference  of  the  current  from 
the  several  tiers  is  usually  very  great ;  and  that  arises  from  the 
fact  of  there  being  no  uniformity  of  internal  heating.  Two  very 
essential  conditions  in  a  machine  of  this  kind  are — uniformity  of 
heat  internally y  and  uniformity  of  cooling  externally.  You  will 
never  get  a  perfect  machine  iill  you  accomplish  these  two  objects, 

2  a2 
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and  the  nearer  you  approach  to  them  the  nearer  you  will  approach 
to  a  perfect  machine.  In  this  case  I  venture  to  say  that  my 
sons  have  made  a  very  decided  approach  towards  the  first  object, 
that  is,  in  obtaining  a  uniformiiy  of  internal  heating.  The  bars 
abutting  upon  this  tube  have  almost  the  same  heat  at  the  bottom  as 
they  have  at  the  top,  as  the  tube  is  one  glowing  mass ;  besides 
this,  when  you  turn  off  the  gas  you  have  only  to  stop  the  bottom 
and  the  top,  and  you  insure  a  cooling  down  gradually.  I  need 
not  tell  you  in  a  machine  of  this  character  it  is  most  important  to 
avoid  sudden  heating  and  sudden  cooling,  that  great  change  fi:om 
the  heat  we  get  from  a  Bunsen  burner  to  the  rapid  cooling  caused  by 
an  inrush  of  cold  air  is  very  liable  to  crack  the  bars,  and  when 
that  is  the  case  there  is  immediate  deterioration  and  consequent 
destruction.  But  by  this  system,  you  observe,  the  cooling  is  very 
gradually  effected.  This  tube  takes  a  considerable  time  to  cool 
down,  more  especially  as  it  is  closed  at  the  top  and  bottom.  -  This 
sudden  heating  and  rapid  cooling  was  no  doubt  one  of  the  causes 
that  brought  about  those  disasters  in  the  machines  to  which  Mr. 
Preece  has  alluded.  Wherever  the  inner  ends  of  the  bars  are 
unprotected  they  must  inevitably  perish. 

All  the  other  points  I  think  have  been  made  so  plain  that  I  will 
not  trouble  you  with  further  reference  to  them.  I  have  simply 
spoken  on  this  one  point  as  being  really  at  the  root  of  the  whole 
evil,  and  if  a  remedy  has  been  hereby  obtained,  or  even  a  fair 
approach  to  a  remedy,  I  submit  that  a  certain  and  important  im- 
provement has  been  effected. 

Professor  Forster  :  May  I  ask  one  question  of  Mr.  Latimer 
Clark  or  Mr.  Wray  with  regard  to  the  action  of  the  tongue,  which 
is  described  as  being  cast  into  the  bars  of  this  apparatus  ?  I  am  not 
sure  whether  I  have  quite  understood  the  arrangement  of  that;  if 
I  have,  I  do  not  understand  how  it  acts.  It  appears  to  me  the  efiect 
would  be  to  diminish  the  resistance  at  the  expense  of  electromotive 
force,  and  that  the  tongue  extending  from  one  end  towards  tlie 
other  one  should  have  less  diflFerence  of  temperature  between  the 
internal  end  of  the  tongue  and  the  end  at  which  the  other  piece  of 
iron  is  connected  than  if  we  had  the  piece  of  iron  merely  stuck  on 
at  the  other  end.     If  measurements  have  been  made  showing  what 
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the  action  set  up  is  they  would  be  valuable,  because  the  mere  increase 
of  current  would  not  be  conclusive  under  the  circumstances.  It 
might  be  the  result  of  a  decrease  of  resistance  or  of  an  increase  of 
electromotive  force  ;  and  it  seems  possible  that  an  actual  diminu- 
tion of  electromotive  force  might  be  more  than  compensated  by 
the  diminution  of  resistance. 

Mr.  Leonard  Wray,  Jun.  :  I  may  say  that  the  bars  increase 
in  electromotive  force  when  the  eFongated  end,  or  tongue,  is 
employed,  and  also  that  the  internal  resistance  is  diminished. 
That  was  a  result  unexpected  on  our  part,  and  I  cannot  at  present 
explain  it ;  but  it  is  nevertheless  the  fact,  and  I  may  state,  that  we 
have  a  pile  so  built  that  the  bars  are  all  exactly  equally  heated  in 
order  that  there  should  be  no  mistake.  While  bars  made  exactly 
the  same  way,  but  without  the  tongue,  gave  '6125  volts,  those 
.loith  the  tongue  gave  -6300,  showing  an  increase  of  nearly  two- 
hundredths  of  a  volt.  This  increase  is  small,  but  it  is  decided,  and 
shows  that  no  power  is  lost  by  the  tongue,  but  rather  that  a  slight 
gain  is  obtained.*  The  internal  resistance  with  the  tongue  was 
three-tenths  of  an  ohm  less. 

Professor  Forster  :  What  was  the  whole  resistance  ? 

Mr.  Wray  :  '2  ohms,  as  against  '23.  If  the  tongue  goes  the 
whole  length  of  the  bar  the  electric  force  is  diminished,  but  as  we 
use  it  it  is  increased.  I  cannot  explain  the  reason.  I  should  have 
thought  it  would  have  short-circuited  as  you  seem  to  infer.  If  the 
elongation  were  at  the  other  end  the  current  would  be  diminished. 

Professor  Forster  :  Is  the  tongue  put  in  from  the  heated  end  or 
the  cold  end  ? 

Mr.  Wray  :  It  is  from  the  cold  end — the  outer  end. 

I  may  remark  that  casting  the  bars  under  pressure  increases  the 
electromotive  force.  Here  is  the  result  of  two  bars  cast  from  the 
same  metal:  one  bar  without  pressure  gave  '0843,  and  ono  with 
six  inches  head  of  pressure  gave  '0885,  showing  an  increase  of 

♦  Having  reference  to  this  observation  the  following  note  has  since  been  supplied 
by  Mr.  Wray :  "  Probably  from  a  defective  bar,  or  other  similar  cause,  the  above 
results  were  as  I  stated  ;  but  by  a  series  of  tests  (made  in  a  manner  so  as  to  insure 
the  greatest  exactitude)  we  have  since  found  that  there  is  a  loss  of  about  7  per 
cent,  in  electromotive  force,  and  a  gain  of  about  12  per  cent,  in  resistance" — L.  W. 
[Ed.] 
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•0042   volt.     We  arrived  at  these  results  by  means  of  Clark's 
Potentiometer. 

The  President  having  called  upon  Mr.  Clark  to  reply  upon  the 
discussion, — 

Mr.  Latimer  Clark  said  he  had  nothing  to  add  to  what  he  had 
stated.  He  was  glad  that  this  interesting  discussion  had  been 
elicited,  and  he  felt  himself  happy  in  having  been  the  means  of 
bringing  the  important  subject  of  thermo-electric  piles  undier  the 
consideration  of  the  Society. 

On  the  motion  of  the  President,  a  vote  of  thanks  for  the  exhaust- 
ive and  elaborate  manner  in  which  he  had  treated  and  illustrated 
the  subject  of  his  paper  was  accorded  Mr.  Clark  by  acclamation. 

Mr.  Jamieson  was  then  called  upon  to  read  his  paper  "  On  a 
New  Form  of  Lightning  Protectors  for  Telegraph  Wires  and 
Apparatus." 


ON  A  NEW  FORM  OF  LIGHTNING-PROTECTOR  FOR 
TELEGRAPH  LINES  AND  APPARATUS. 

By  Mr.  Andrew  Jamieson. 

Mr.  President  and  Gentlemen, 

With  your  kind  permission  I  beg  to  bring  before  your  notice  a 
subject,  the  intrinsic  value  of  which  to  the  Telegraph  Engineer 
will,  I  hope,  excuse  my  boldness  in  intruding  on  the  precincts  of  a 
paper  so  ably  written  and  so  well  conducted  as  was  that  by  Mr. 
Preece  on  "Lightning  and  Lightning- Conductors "  in  the  year 
1872. 

In  that  paper  the  author  pointed  out  that  from  the  1st  of  January 
to  the  3 1st  of  July  in  that  year  9*46  per  cent,  of  the  various 
instruments  employed  in  the  Postal  Telegraph  system  in  England 
were  destroyed,  either  by  the  direct  or  indirect  effects  of  lightning. 
Whether  this  large  percentage  has  been  decreased  of  late  years  by 
more  care,  so  far  as  the  means  of  defence  are  concerned,  I  am  not 
in  a  position  to  say,  though  I  hope  this  information  wiU  be  elicited 
during  ihe  discussion  upon  this  paper.      Certain,  however,  it  is, 
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that  such  an  alarming  statement  demands  more  carefiil  attention  in 
future,  and  forms  in  itself  an  important  argument  as  to  the  ne- 
cessity for  the  employment  of  Lightning  Protectors  on  telegraph 
circuits. 

Strange  as  it  may  appear,  the  damage  thus  incurred  is  seldom 
due  to  the  direct  passage  of  lightning,  but  rather  to  what  is  meta- 
phorically termed  the  return  shock,  and  though  many  cases  may  be 
instanced  in  which  the  effects  have  been  so  severe,  and  the  damage 
incurred  so  great,  as  to  warrant  the  unavoidable  conclusion  that 
they  must  have  been  caused  by  lightning  itself,  yet  these  cases 
form  but  exceptions  to  the  general  rule. 

The  rationale  of  the  agencies  at  work  which  produce  the  effects 
generally  observed  may  be  expressed  as  follows : — 

On  the  formation  of  a  thundercloud,  the  surface  of  the  earth  and  all 
bodies  directly  beneath  the  cloud,  or  sufficiently  near  to  be  influenced 
by  it,  become  inductively  charged  with  electricity  of  the  opposite 
sign,  so  that  if  a  line  of  telegraph  be  subject  to  its  influence  a  high- 
tension  charge  will  accumulate  upon  the  surface  of  the  wire.  If 
the  inducing  cloud  be  suddenly  discharged,  then  this  induced  charge 
becomes  liberated,  and,  in  effecting  its  escape  to  earth  at  either  one 
or  both  ends  of  the  line,  fuses  the  coils,  and  otherwise  damages  the 
instruments  in  circuit,  unless  special  steps  be  taken  to  divert  its 
course. 

As  to  whether  or  not  subterranean  wires  are  subject  to  a  like 
danger  I  am  unable  to  say,  never  having  had  experience  in  them, 
but  I  should  think  that  they  would  be,  although,  perhaps,  to  a  less 
degree  than  land-lines.  1  may,  however,  here  quote  a  letter  which 
I  received  from  Mr.  Gerhardi  in  answer  to  some  inquiries  which  I 
made  on  the  subject 

"  Dear  Sir, 

"  Referring  to  your  letter  of  the  4th  instant, 

"  The  case  of  the  fine  wire  in  a  Walker's  Lightning  Preserver 
being  fused  during  the  prevalence  of  a  severe  thunderstorm  at 
Bilbao  occurred  on  10th  June  last  at  the  Bilbao  landing  of  our 
Santander  cable. 


360  ON  A  NEW  FOHM  OF  LIGHTNING-PROTECTOR    [22nd  Not- 

"  There  is  no  overground  or  uncovered  wire  whatever  in  circuil 
between  the  two  stations  of  Bilbao  and   Santander,  which  were 
working  together  at  the  time  of  the  occurrence,  the  line  being  — z 
composed  of — 

"1st.  8^  miles  of  cable  buried  underground  at  an  averagei^^ 

depth  of  18  inches; 
"  2nd.  46  knots  of  submarine  cable  from  Las  Arenas  to  ^^ 
Sardiiiero ; 

m 

"3rd.  1^  mile  of  cable  buried  underground  at  a  depth  o^fcrf 
1  mfetre  from  Sardiriero  to  Santander  office. 

"As  is  generally  the  case  in  these  preservers,  there  was  a  greal^^  t 
quantity  of  wire  wound  round  the  bobbin,  of  which  only  a  smalC  JI 
length,  about  i  an  inch,  I  should  think,  was  fused,  and  that  in  aboufc"  -t 
the  middle  of  the  outside  layer  of  wire.  A  black  spot  on  the  innei^E:^  r 
surface  of  the  cylinder  marked  the  place  where  the  discharge  hacETzid 

escaped  to  earth,  but  the  fine  wire  did  not,  however,  touch  th( ^  o 

cylinder,  as  the  line  was,  immediately  after  the  discharge,  found  t< 
be  insulated,  the  broken  end  of  the  wu'e  having  probably  beerr 
ftised.     All  communication  was  naturally  interrupted  till  the  pre —  ^" 
server  was  taken  out  of  circuit. 

"An  exactly  similar  case  occurred  during  a  thunderstorm  kw^ — * 
Santander  last  year  upon  the  then  Santander- Lizard  cable,  whenr"-^ 

there  were  in  circuit  the  1^  mile  of  underground  land-line  men -" 

tioned,  and  511  knots  of  submarine  cable  to  the  Lizard  office. 

"  I  am,  dear  Sir,  yours  faithfully, 

"  Ch.  Gerhardi,  Manager." 

The  inducement  which  led  me  to  endeavour  to  improve  if  possibl^^^ 
upon  the  means  of  protection  afforded  by  the  apparatus  usually=^ — ^ 
employed  foi*  this  purpose  was  found  in  the  fact  that  the  instru- 
ments on  the  lines  of  the  Western  and  Brazilian  Telegraph  Com- 
pany, upon  which  I  was  engaged,  were  peculiarly  liable  to  damage^ 
from  lightning.     These  lines  were  laid  out  as  follows : — 

A  cable,  the  possession  of  the  above  Company,  stretches  from 
Rio  de  Janeiro  to  Montevideo,  and  is  intersected  at  three  points, 
namely,  Santos,  Santa  Catharina,  and  Rio  Grande- do-Sul.  Its 
total  length  is  1,246  knots. 
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Starting  from  Rio  Janeiro — one  terminal  of  the  entire  line — the 
town-office  is  connected  with  the  cable-house  by  a  land-line,  seven 
miles  in  length,  which  runs  half-way  through  the  town,  along  the 
side  of  a  bay,  over  a  mountain,  and  after  skirting  the  sea-shore  for 
some  distance  enters  the  cable-house,  where  it  joins  the  cable 
through  lightning-protectors. 

From  this  point  the  cable  proceeds  to  Santos,  about  230  miles 
distant,  and  thence  again  to  Santa  Catharina,  some  290  more. 
From  the  cable-house  at  the  former  station  two  land-lines,  each 
^  miles  in  length,  place  it  in  connection  with   the  town-office, 
where  the  instruments  are  placed  in  circuit,  so  that  the  land- 
lines  form  a  loop  with  the  Rio  Janeiro — Santos  and   Santos — 
Santa  Catharina  sections.     Exactly  the  same  thing  occurs  at  the 
remaining    intermediate    stations    of   Santa  Catharina    and    Rio 
Grande-do-Sul,  where  pairs  of  land-lines,  of  11 J  and  13^  miles 
respectively,  connect  the  towns  with  the  cable-huts.    At  the  former 
station  the  ground  is  exposed  and  very  irregular,  with  long  spans  of 
wire  at  places  where  the  nature   of  the  locality  compels  their 
adoption,  while  at  the  latter  the  features  of  the  country  are  of  an 
entirely  opposite  character.     The  distance  between  the  two  towns 
is  about  400  miles.     From  Rio  Grande-do- Sul  the  cable  continues 
on  for  350  miles  more  to  Montevideo,  where  it  ends,  and  where  a 
single  land-line  IJ  mile  long  places  the  cable-house  in  connection 
with  tlie  town. 

Several  instances  came  to  my  notice  of  mirror  and  recorder  coils 
being  fused,  especially  at  Santa  Catharina,  where  they  occurred 
as  often  as  two  or  three  times  a  month,  although  the  instruments 
on  these  lines  were  always  protected  by  the  Siemens  plate  forms  of 
lightning-protectors,  but  I  never  could  discover  that  any  of  the 
cables  had  suffered  damage,  finding  as  they  did  an  additional  pro- 
tection in  Siemens's  pointed  form. 

After  ascertaining  the  fallibility  of  the  ordinary  plate  protector 
I  turned  my  attention  to  the  general  subject  of  lightning-protectors, 
with  a  view  to  devising,  if  possible,  some  form  giving  more  certainty 
of  protection  to  the  instruments  under  my  care.  I  careftdly  con- 
sidered the  mechanical  and  electrical  details  of  a  perfect  lightning- 
protector,  and  compared  all  the  instruments  with  which  I  was 
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acquainted  with  the  standard  which  I  thereby  raised.  In  order  to 
enable  the  members  of  this  Society  to  judge  how  far  I  have  accom- 
plished my  task  I  cannot  do  better  than  rehearse  those  principles 
upon  which  I  laid  the  foundation  of  my  comparison. 

It  will,  I  think,  be  unnecessary  for  me  to  enter  to  any  great 
extent  into  the  mechanical  properties  which  a  protector  should 
possess,  or  the  merits  already  possessed  by  the  forms  now  in 
general  use.  For  foreign  service,  at  least,  the  instrument  should 
be  as  light  and  compact  as  possible,  not  too  expensive,  and  so 
made  that  should  any  portion  become  damaged  it  may  be  easily 
replaced. 

The  electrical  qualifications  of  a  good  lightning-protector, 
although  few,  are  of  the  greatest  importance.  They  may,  I  think, 
be  summed  up  as  follows : — 

1.  Efficiency  of  action. 

2.  Its  use  should  in  no  way  interfere  with  the  circuit  arrange- 
ments. 

« 

3.  In  doing  its  duty  it  should  not  break  down  the  circuit. 

In  order  to  prevent  any  infringement  upon  the  second  qualifica- 
tion it  will  bo  obvious  that  we  must  make  use  of  some  property 
possessed  by  high-tension  electricity,  distinct  from  those  of  elec- 
tricity of  the  opposite  nature.  All  the  effects  produced  by  elec- 
tricity may  be  included  in  the  following  list,  assuming  light  to  be 
attendant  on  and  inseparable  from  heat : — 

1.  Mechanical 

2.  Thermal. 

3.  Chemical. 

4.  Physiological. 

The  chemical  properties  of  electricity  are  only  met  with,  in 
practice,  in  connection  with  the  battery,  and  those  of  the  physio- 
logical class  are  never  employed.  We  may  therefore  dismiss  these 
fi:om  our  consideration. 

Electricity  can  produce  mechanical  and  thermal  effects,  either 
directly  or  indirectly,  through  the  medium  of  induction.  Me- 
chanical action  in  each  case  is  either  electrostatic  or  electromagnetic. 
To  the  former  class  belong  all  the  attractions  and  repulsions 
brought  about  by  frictional  electricity,  original  or  induced ;   to 
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the  latter  all  movements  of  currents  and  magnets  during  the 
passage  of  dynamic  electricity.  Induction,  however,  plays  such 
an  important  paii:  in  the  operation  of  high-tension  electricity,  and 
so  many  forms  of  protectors  are  based  upon  its  principles,  that  it 
will  be  advantageous  to  examine  its  phenomena  before  we  proceed 
to  the  thermal  effects  of  electricity. 

Induction  always  takes  place  between  two  conducting  surfaces 
separated  by  an  insulator.  Its  amount  varies  directly  as  the  area 
of  the  surfaces  opposed  to  each  other,  provided  they  be  parallel  or 
concentric,  also  directly  with  the  difference  of  potential  between 
the  two,  and  inversely  as  the  thickness  of  the  intervening  insulator, 
or  dielectric  as  it  is  termed.     It  therefore  equals  in  mathematical 

language     ^   "   ^^  k^  where  a  is  the  area  of  the  plane  surfaces,  v— v^ 

the  difference  of  potential  between  the  two  and  t  the  thickness  of 
the  dielectric,  and  k  a  constant  differing  with  the  substance  of 
which  the  dielectric  is  formed.  Taking  air  as  unity,  gutta-percha 
is  4*2  and  india-rubber  2 '8.  When  the  induction  between  two 
such  surfaces  is  very  great,  Le,  when  the  thickness  of  the  dielectric 
is  very  small,  the  difference  of  potential  between  both  its  sides 
becomes  so  great  that  a  discharge  takes  place.  In  the  case  of  air, 
a  spark  or  sparks  pass,  and  the  electricities  on  the  surface  of  the 
conductors  are  neutralised  and  disappear.  In  the  case  of  a  solid 
dielectric  its  substance  becomes  pierced,  and  the  neutralisation  of 
the  electricities  takes  place  at  that  moment  as  before.  Faraday 
supposed  that  the  particles  of  the  dielectric  became  polarised,  and 
that,  when  the  attraction  of  the  electricities  contained  by  the  con- 
tiguous particles  became  greater  than  the  attraction  of  cohesion, 
rupture  ensued ;  irreparable  in  the  case  of  solids,  though,  from 
their  nature,  liquids  soon  fill  up  the  punctures. 

We  can  now  understand  the  rationale  of  the  Siemens  Plate 
Protector.  That  instrument  is  composed  of  two  iron  plates,  separated 
by  a  thin  film  of  air,  the  space  between  the  plates  being  regulated 
by  ebonite  washers.  The  upper  plate  is  connected  to  the  line,  and 
must  therefore  be  at  the  same  potential.  The  lower  plate  is  con- 
nected du'ectly  to  earth.  The  difference  of  potential  between  the 
line  and  earth  when  working  is  far  too  small  to  occasion  a  dis- 
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charge  between  the  plates ;  but  a  static  charge,  like  that  which 
accumulates  when  the  line  is  under  the  influence  of  the  thunder- 
cloud, darts  at  once  across  the  dielectric,  instead  of  traversing  the 
coils  of  the  instruments. 

The  specific  inductive  capacity  of  air  is  found  to  greatly  increase 
when  its  density  is  lessened,  and  a  partial  vacuum  may  be  said 
to  be  a  good  conductor  of  statical  electricity, — so  much  so,  indeed, 
that  at  sea  lightning  has  been  known  to  divert  its  course  from  a 
thick  copper  lightning  conductor  in  order  to  traverse  a  rarefied 
column  of  air  behind  the  mast,  caused  by  the  rapid  motion  of  the 
ship  through  the  atmosphere.  The  most  eflScient  protectors  yet 
made  are  constructed  on  this  principle,  Varley's  Vacuum  Protector 
being  among  the  number.  They  are,  however,  as  a  rule,  expen- 
sive ;  and  the  existence  of  the  vacuum  is  not  always  ascertainable, 
since  by  inspection  it  is  impossible  to  say  whether  a  vacuum  is 
maintained  or  not.  There  can,  however,  be  little  doubt  that,  so  far 
as  efficiency  is  concerned,  they  are  the  nearest  approach  to  perfec- 
tion at  which  we  have  yet  arrived. 

Thermal  effects  are  produced  through  the  influence  of  induction, 
as  already  shown,  or  by  the  passage  of  a  current  through  a  wire. 
The  thinner  the  wire,  and  the  greater  the  strength  of  the  current, 
the  sooner  we  shall  obtain  a  given  amount  of  heat.  This  prin- 
ciple is  advantageously  made  use  of  in  the  construction  of  many 
lightning-protectors — the  ordinary  working  current  not  being  of 
sufficient  strength  to  fuse  the  fine  wire  of  a  bobbin,  Avhile  the 
passage  of  a  very  strong  current  does  so  immediately. 

A  very  important  point,  however,  still  remains,  viz.,  the  princi- 
ple of  points.  It  is  well  known  that  a  point  will  give  off  electricity 
with  far  greater  facility  tlian  a  spherical  conductor.  The  explana- 
tion which  Professor  Fleeming  Jenkin  gives  for  this  peculiar  phe- 
nomenon is,  that  the  capacity  of  a  spherical  conductor  varies  directly 
as  the  square  of  the  radius,  whereas  the  density,  Le.  quantity  per 
unit  area,  varies  inversely  as  the  square  of  the  radius,  so  that  the 
less  the  radius  of  the  sphere  the  greater  will  be  the  density.  Con- 
sequently on  a  point,  which  we  may  assume  to  be  an  infinitely 
small  sphere,  the  density  will  be  infinitely  great.  It  will  in  fact  repel 
its  own  parts  infinitely,  and  we  can  thus  imderstand  that  a  point 
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will  give  oflF  electricity  at  a  much  lower  potential  than  any  other 
form. 

If,  then,  we  combine  the  point  principle  with  that  of  the  fine  wire, 
or  arrester,  as  it  may  with  propriety  be  termed,  we  may  when 
they  are  properly  arranged  expect  to  meet  with  very  satisfactory 
results.  The  question  with  which  we  have  now  to  deal  is  how  best  to 
carry  out  these  results  in  order  to  obtain  their  best  effect.  We  may 
perhaps  here  take  a  cursory  view  of  their  use  up  to  the  present  time. 

The  very  first  lightning-protectors  in  use  in  England  were  formed 
of  two  points,  opposed  to  and  insulated  from  each  other,  to  which 
the  in-and-out  wires  were  respectively  connected.  Later  on  several 
long  points  interlacing  with  each  other,  and  which  might  more 
appropriately  be  termed  spikes,  were  inclosed  in  a  case,  and  so 
made  that  each  point  was  opposed  to  one  of  the  two  plates,  which 
respectively  formed  the  line  and  earth  connections.  Later  on  the 
original  principle  of  opposing  point  to  point  was  again  adopted,  and 
Messrs.  Siemens  introduced  at  that  time  an  ingenious  device,  which 
has  remained  to  the  present  day  almost  unaltered.  I  allude  to  the 
grooving  of  the  plates  of  their  ordinary  protector  at  right  angles  to 
each  other.  A  number  of  grooves  are  made  on  the  under  and 
upper  surface  of  each  plate  in  such  a  manner  that  a  number  of 
comparatively  sharp  ridges  are  formed  at  right  angles  to  each 
other.  It  will  thus  be  seen  that  at  every  point  at  which  any  one 
of  the  ridges  of  the  upper  plate  intersects,  so  to  speak,  those  of  the 
other,  two  points  are  formed,  and  it  is  a  modification  of  this  prin- 
ciple which  I  propose  to  use  in  the  present  instance. 

So  far  as  I  am  aware,  the  introduction  of  the  arrester  is  of  a 
more  modem  date,  and  it  will  therefore  be  unnecessary  to  trace  the 
gradual  fulfilment  of  the  law  of  natural  selection  in  its  case.  It  is 
worthy  of  remark,  however,  that  it  is  by  no  means  necessary  to 
use  so  great  a  length  of  wire  as  is  generally  employed  in  instru- 
ments of  this  nature.  Three  or  four  inches  of  copper  or  platinum 
wire,  '003  inch  in  diameter,  is,  I  think,  amply  sufficient  In 
support  of  this  fact  I  may  add  that  no  case  has  ever  come  to  my 
notice  of  recorder  coils,  composed  of  about  300  yards  of  wire  of  the 
above  gauge,  being  fused  more  than  an  inch  fi:om  the  terminal, 
and  I  never  saw  the  wire  of  a  galvanometer  fused  for  more  than  two 
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inches  and  a-half,  a  fact  which  has  since  been  confirmed  by 
experiments  made  by  Mr.  Munro.     The  letter  fipom  Mr.  Grerl 
already  quoted,  gives  a  further  corroboration  of  the  truth  of  j 
remark.     The  great  drawback,  as  already  mentioned,  to  the 
the  arrester  is,  that,  as  soon  as  it  has  performed  its  oflBce,  it  bi 
down  the  circuit ;  for  this,  however,  I  have  made  special  pi 
sion,  as  will  be  seen  from  the  description  which  I  am  now  a1 
to  give,  together  with  the  accompanying  diagrams.     I  must 
leave  it  to  your  decision  whether  or  not  I  have  successfiilly 
formed  the  task  which  I  set  myself. 

The  accompanying  diagrams  show  an  outside  plan,  end  eleva< 
sectional  plan,  and  cro^s-section  of  the  instrument. 

The  several  parts  in  each  of  tliese  views  are  correspoiii 
marked  by  letters  and  figures. 

The  land-line  or  underground  wire  is  attached  to  the  tei 
(L),  and  the  cable  condenser  or  instrument  to  (C) ;  between  tl 
two  points  the  ordinary  battery  current  for  effecting  signals  ps 
witliout  leakage,  but  the  lightning,  or  its  induced  current,  is  trap] 
arrested,  or  conducted  to  earth. 

(L)  is  one  terminal  of  the  inside  corrugated,  or  toothed,  cylitj^ 
(1),  which  cylinder  is  supported  centrically,  inside  an  outer  cylii 
(2),  by  ebonite  washers  (11)  and  (12).  These  washers  are  fii 
into  recesses  in  the  ends  of  (2),  and  so  arranged  that  cylinder 
is  separated  and  insulated  from  cylinder  (2)  by  as  fine  an  intervei 
air  space,  or  vacuum,  as  can  be  mechanically  adjusted.  Cylin< 
(2)  is  bored  and  tapped  throughout  its  length  by  a  fine  poii 
deep  screw  of  from  40  to  any  desired  number  of  threads.  It 
thus  be  clearly  seen  that  if  we  have  (say)  30  longitudinal  corn 
tions  or  fine  pointed  teeth  cut  on  cylinder  (1),  and  50  threads| 
cylinder  (2),  we  shall  have  1,500  crossings,  or  opposing  poini 
presented  for  facilitating  the  discharge  of  electricity  of  high  iensii 
from  cyhnder  (1)  to  (2),  the  latter  being  connected  to  earth  by 
brass  slab  (£),  upon  which  it  rests,  and  a  flat  copper  band  leadii 
from  terminal  (10)  screwed  thereon.  (3)  is  the  other  terminal 
cylinder  (1),  to  which  is  fixed  a  fine  steel  spring.  Between 
end  of  this  spring  and  terminal  (4)  is  tightly  stretched  a  fii 
platinum  or  copper  wire  '003  inch  in  diameter.      Terminal  (4) 
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connected  to  terminal  (5)  by  a  flat  copper  strap,  running  under- 
neath the  ebonite  slab,  upon  which  the  whole  instrument  is  sup- 
ported. Between  terminal  (5)  and  (O)  is  run  a  silk-covered  platinum 
wire  '008  inch  in  diameter  (previously  steeped  in  paraffine  or  shellac), 
with  several  turns  taken  round  the  outside  cylinder  (2),  or,  if  pre- 
ferred, any  other  earth  connection. 

In  order  that  the  fusing  or  breaking  of  the  fine  wire  stretched 
between  terminal  (4)  and  the  spring  attached  to  terminal  (3)  may 
not  stop  telegraphic  communication  a  terminal  (6)  is  so  placed  and 
provided  with  an  adjustable  platinum  pointed  screw  as  to  make 
contact  with  the  spring  upon  its  being  released.  A  similar  con- 
nection is  formed  between  (6)  (7)  and  terminal  (5)  by  an  under- 
neath copper  strap  spring  and  a  second  fine  wire.  Should  this 
wire  be  fiised  or  broken  the  spring  attached  to  terminal  (7) 
will  be  released  and  make  connection  with  a  platinum-pointed 
screw  in  terminal  (8),  which  is  in  good  metallic  connection  with  the 
brass-plate  (  9),  and  therefore  with  earth,  thus  effectually  earthing 
the  end  of  the  land-line  or  underground  wire  and  preventing  a  pos- 
sibility of  mistake  as  to  where  the  loss  of  continuity  has  taken  place. 

The  ordinary  message  current  passes  from  land-line  or  under- 
ground wire  at  (L)  along  cylinder  (1)  to  terminal  (3)  by  spring 
and  fine  wire  to  (4),  by  underneath  connection  to  (5),  and  platinum 
wire  wound  round  cylinder  (2)  or  earth  connection  to  (0)j  and 
thence  to  cable,  condenser,  or  instrument.  Should  the  fine  wire 
between  (4)  and  spring  (3)  be  broken,  it  goes  from  (3)  to  (6)  by 
underneath  connection  to  (7),  spring  and  fine  wire  to  (5),  and 
thence  as  before  to  (C)j  cable,  condenser,  or  instrument. 

K  lightning  or  a  high  tension  electrical  current  pass  along  the 
land-line  or  underground  wire  it  will,  so  far,  if  not  altogether,  be 
trapped  to  earth  through  the  fine  film  of  air  (or  vacuum  if  such  has 
been  provided  for)  between  the  points  of  cylinders  (1)  and  (2). 
Should  any  part  of  this  current  pass  beyond  terminal  (3)  it  is 
offered  the  chance  of  fusing  the  fine  wire  stretched  between  the 
end  of  spring  (3)  and  terminal  (4)  (or  spring  at  7  and  terminal  5). 

Further,  in  order  to  lessen  the  disturbing  and  damaging  effects 
upon  the  cable,  condenser,  or  instrument,  by  any  portion  of  the 
high-tension  current  which  might  pass  through  the  stretched  wires 
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before  fusion  takes  place,  I  have  arranged  the  larger  wire,  between 
(5)  and  (C)?  covered  with  silk  and  an  insulating  substance,  so  as 
to  bring  into  action  the  principle  of  conductive  discharge  between 
this  wire  and  the  earthed  cylinder  (2). 

The  whole  instrument  is  fitted  to  an  ebonite  base  (9)  and  inserted 
in  a  neat  case  or  box,  with  glass  top  and  key,  having  convenient 
holes  for  the  loading-in  wires.  Cylinder  2  is  made  in  halves  so  as 
to  facilitate  its  being  easily  examined  in  case  of  a  strong  charge 
fusing  its  interior  points  to  that  of  cylinder  (1). 

There  is  nothing  new  to  be  claimed  in  the  several  features  of 
this  protector  and  arrester  as  viewed  from  an  electrical  point  of 
view,  but  I  think  I  am  correct  in  saying  that  they  have  never  before 
been  all  combined  in  one  instrument  and  in  a  similar  manner. 

I  may  here  state  that  the  above  plan  of  attaining  opposite  points 
by  having  longitudinal  teeth  in  the  one  conductor  and  a  screw 
thread  in  the  other  was  designed  by  me  while  out  in  Brazil  for  the 
Western  and  Brazilian  Telegraph  Company,  in  February  1875, 
although  I  have  found  since  writing  this  paper  that  a  very  similar 
design  had  been  previously  carried  out  by  Siemens  as  well  as  by  a. 
French  gentleman  named  Lemasson. 

Since  this  form  of  protector  and  arrester  has  been  applied  to  the 
Western  and  Brazilian  Telegraph  Company's  lines  and  apparatus 
there  has  not  been  a  single  case  of  injury  to  their  cables  or  instru- 
ments by  liglitning,  so  far  as  I  can  learn. 

The  President  :  We  have  another, — a  short  communication  on 
lightning  protectors,  which  the  Secretary  will  now  read.  Walker's 
conductors  having  been  named,  I  may  call  attention  to  specimens 
on  the  table  before  you.  Among  them  there  are  two  conductors 
which  have  been  called  upon  to  do  duty.  The  points,  as  you  will 
see,  are  fused,  and  the  fine  wires  burnt.  The  length-  of  fine  wire 
is  less  than  the  author  of  the  paper  thought.  There  are  only  three 
layers  on  a  wooden  bobbin.  The  points  are  on  both  sides  of  the 
coil  of  fine  wire,  and  are  presented  to  a  brass  cylinder  connected 
with  the  earth,  within  which  cylinder  is  the  bobbin  of  fine  wire. 

The  Secretary  read  a  communication  from  Mr.  Webber,  of 
the  South  Devon  and  Cornwall  Railway;  explaining  two  forms  of 
lightning  protectors  in  use  on  that  Company's  system. 
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The  first  of  these  protectors  is  composed  of  two  semi-circular  pieces 
of  brass,  about  an  iiich  in  diameter,  arranged  with  their  diameters 
opposite  each  other,  set  close  together,  yet  sufficiently  apart  to 
prevent  the  passage  of  a  working  current.  To  them  are  attached 
the  in  and  out  wires  of  the  coil  or  instrument  to  be  protected. 
These  semi-circular  pieces  are  fixed  to  a  piece  of  wood,  and  the 
whole  inclosed  by  a  fiat  brass  cylinder,  to  which  is  attached 
a  terminal,  for  the  purpose  of  connecting  it  with  the  earth,  the 
space  between  the  sides  of  the  cylinder  and  semi-circular  pieces 
being  regulated  similar  to  that  between  the  latter,  and  the  space 
between  each  being  filled  in  with  gypsum,  reduced  by  mixing  with 
water  to  a  thick  paste,  and  afterwards  allowed  to  dry.  After 
drying  for  a  day  or  two  the  gypsum  becomes  a  hard  crust,  which, 
although  a  bad  conductor  of  low-tension  electricity,  yet  facilitates, 
in  some  degree,  the  passage  of  lightning. 

The  second  protector  differs  only  in  construction  fi'om  the  one 
just  described.  To  a  wooden  base  about  three  inches  by  two  are 
screwed  three  thin  brass  plates,  each  about  half-an-inch  in  breadth. 
The  edges  of  these  plates,  which  oppose  each  other  as  they  lie  side 
by  side,  are  sharpened  and  pointed,  and  the  plates  are  then  set  as 
near  to  each  other  as  they  can  be  without  touching.  To  each  of 
the  side  plates  are  fixed  two  instrument  terminals,  while  to  the 
centre  plate  one  only  is  fixed.  A  glutinous  mixture  of  powdered 
carbon  and  gum-water  is  employed  to  fill  up  the  space  between 
these  plates,  which  when  allowed  to  harden  serves  the  same  pur- 
pose as  does  the  gypsum  in  the  instrument  already  described.  As 
before,  the  wires  coming  from  the  instrument,  or  that  part  of  the 
apparatus  to  be  protected  from  the  effects  of  lightning,  are  con- 
nected to  the  side  plates,  one  to  each  respectively,  and  the  line  and 
earth  wires  are  connected  in  a  similar  manner,  while  the  centre 
plate  is  put  to  earth. 

The  discussion  was  adjourned  till  the  next  Meeting. 


VOL.  V.  2  B 


370  [13th  Dec 


The  Fifty-first  Ordinary  and  Fifth  Annual  General  Meeting  was 
held  on  Wednesday,  the  13th  December,  1876,  Mr.  0.  V. 
Walker,  F.R.S.,  President,  in  the  Chair. 

The  President  said :  I  have  the  pleasure  to  announce  that  a  very 
beautiftil  marble  bust  of  the  late  Sir  Francis  Ronald  has  been  pre- 
sented to  this  Society  by  Dr.  Siemens ;  also  £hat  a  portrait  of  the 
late  Mr.  J.  L.  Ricardo,  whose  name  is  so  well  known  from  his  inti- 
mate connection  with  the  early  progress  of  the  electric  telegraph, 
has  been  presented  by  Mr.  Frank  Webb  ;  and  also  a  portrait  of  the 
late  Alexander  Bain,  presented  by  Mr.  Latimer  Clark.  The  latter 
gentleman  has  also  presented  to  the  Society  a  collection  of  curious 
specimens  of  the  telegraph  apparatus  of  early  days ;  and  I  have  myself 
had  the  opportunity  of  presenting  a  small  contribution  to  the  early 
history  of  telegraphy,  viz.:  the  original  gutta-percha  joint-tongs, 
contrived  by  Mr.  Thomas  Forster,  of  Streatham,  in  1848.  Tliese 
contributions  will  be  exhibited  at  the  soMe  to  be  held  on  Monday 
next. 

Scrutineers  were  appointed  for  the  ballot  for  President  and 
Council  for  the  ensuing  year ;  and  the  President  announced  that 
the  ballot  would  be  opened  and  remaio  so  until  half-past  eight 
o'clock. 

The  Acting  Secretary  then  read  the  Annual  Rej>ort  of  the 
Council,  as  follows : — 
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The  time  has  again  arrived  when  it  becomes  the  duty  of  your 
President  and  Council  to  render  an  account  of  their  stewardship 
and  announce  to  the  Members  the  progress  of  the  Society  during 
the  past  year  as  well  as  its  present  condition. 

The  President  and  Council  of  the  Institution  of  Civil  Engineers 
have  extended  the  same  privilege  and  behaved  in  the  same  hand- 
some manner  towards  the  Society  during  the  past  year  as  they 
have  done  in  every  previous  year  since  its  foundation.  Our  best 
thanks  are  due  to  them,  for  to  their  fostering  help  the  continued 
success  of  the  Society  is  in  a  great  measure  to  be  attributed. 

The  Council  have  resolved  to  increase  the  number  of  Local 
Honorary  Secretaries,  and  steps  are  now  being  taken  for  the 
appointment  of  gentlemen  to  act  in  that  capacity  in  those  countries 
where  the  Society  is  not  at  present  represented.  That  such  a 
course  must  prove  to  be  of  the  highest  advantage  is  evidenced  by 
the  list  of  new  candidates  from  Paris  announced  this  evening,  all 
of  whom  have  put  their  names  forward  owing  more  or  less  to  the 
.representation  of  Mr.  John  Aylmer,  whose  appointment  as 
Honorary  Secretary  for  France  was  announced  at  the  last  Annual 
General  Meeting. 

During  the  past  year  Mr.  E.  C.  Cracknell,  Superintendent  of 
Telegraphs  in  New  South  Wales,  has  been  appointed  Hon.  Sec. 
for  Australia,  and  Mr.  Gr.  G.  Ward,  Superintendent  in  New  York 
of  the  Direct  United  States  Cable  Company,  has  received  the  same 
appointment  for  the  United  States.  The  list  of  Honorary  Secre- 
taries at  the  present  moment  therefore  is  as  follows  : — 

John  Aylmer,  Civil  Engineer,  i  pRAjjrjE 

4,  Rue  de  Naples,  Paris,  * 

W.  E.  Ayrton, 

Professor  of  Natural  Philosophy,  )  j  a  r>  a  v 
Imperial  College,  Tokei, Japan,  j 

m 
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Telegraph      Engineer,     Buenos  |  ARGENTINE  REPUBLIC. 
Ayres, 

E.  C.  Cracknell, 

Superintendent  of  Telegraphs  for 
the    Colony    of    New    South  I  AUSTRALIA. 
Wales,  Sydney, 

Le  Commandeur  E.  D'Amico, 

Director-General  of  the  Italian  }  ITALY. 
Telegraphs,  Rome, 

FuEDiRio  Dblarge, 

Engineer  of  the  Belgian   Tele- }  BELGIUM. 
graphs,  Brussels, 

C.  L.  Madsbn, 

Great  Northern  Telegraph  Com^  J  DENMARK. 
pany,  Copenhagen, 

C.  Nielsen, 

Director-General  of  the  Norwe-  }  NORWAY. 
gian  Telegraphs,  Cliristiania, 

Don  Ramon  Vial, 

Director-General  of  the  Chilian  ]  CHILI. 
Telegraphs,  Santiago, 

G.  G.  Ward,  n 

General  Superintendent  of  the  UNITED  STATES  OF 
Direct  United  States  Telegraph  NORTH  AMERICA. 
Company,  New  York,  j 

The  additions  to  the  ranks  of  the  Society  during  the  past  yei 
number  in  all  76.     These  comprise — 

18  Foreign  Members, 
11  Members, 
45  Associates, 
2  Students. 
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Thus  the  Society  now  numbers  751  names,  of  which — 

5  are  Hon.  Members, 
125  Foreign  Members, 
226  Members, 
380  Associates, 
15  Students. 

The  list  of  Candidates  to  be  balloted  for  to-night  (21  in  all),  as 
well  as  an  equal  number  of  candidates  for  admission,  whose  names 
have  just  been  announced,  show  that  the  advantages  of  the  Society 
do  not  fail  to  be  appreciated,  and  that  its  sphere  of  usefulness  is 
extending  as  satisfactorily  as  can  be  hoped  for. 

The  name  of  Mr.  Scudamore,  in  recognition  of  the  valuable 
services  rendered  by  him  to  Telegraphic  extension,  has  been  added 
to  the  list  of  Honorary  Members. 

The  Council  would  draw  attention  to  the  number  of  Associates, 
many  of  whose  names  are  so  well  known  in  Telegraphy  that  their 
election  to  membership  would,  it  is  believed,  be  an  honour  alike  to 
themselves  and  the  Society.  The  grade  of  Associate  was  established 
at  the  outset  for  those  whose  "pursuits  constitute  branches  of 
Electrical  Engineering  or  who  are  so  intimately  associated  with 
the  science  of  Electricity  or  the  progress  of  Telegraphy  that  the 
Council  consider  their  admission  as  Associates  would  conduce  to 
the  interests  of  the  Socieiy."  Many  who  joined  as  Associates  have 
now  won  a  position,  or  otherwise  made  a  mark  for  themselves, 
which  entitles  them  to  admission  into  the  higher  grade  of  member- 
ship, and  the  Council  therefore  invite  applications  from  the 
Associates  with  a  view  to  their  transference. 

The  Council  regret  to  have  to  announce  that  but  slow  progress 
has  been  made  with  the  catalogue  of  the  Ronald's  Library.  This 
has  been  unavoidable  for  various  reasons.  Amongst  others,  the 
fact  that  the  publication  of  the  Proceedings  of  the  Society  had 
fallen  considerably  in  arrears  and  had  to  be  worked  up.  These  are 
now  printed  up  to  date,  and  the  Journal  containing  an  account  of 
the  proceedings  of  the  Society  up  to  the  close  of  last  Session  is 
completed,  and  will  be  issued  to  the  Members  generally  in  the 
course  of  the  next  few  days.  Now,  it  is  hoped  that  the  promise 
made  some  time  since  of  the  Journal  being  issued  quarterly  will 
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STATEMENT  OF  RECEIPTS 

By  the  Treasurer^  for  the 
RECEIPTS. 


By  Balance  Slst  Deer.  1875 
„  Snbscriptions  1872 

1873 
1874 
1875 
1876 
1877 
1878 


» 


„  Pnblishinfi:  Fund 
,,  Sale  of  Journals 


„  Composition  of  Life  Subscriptions 

„  Donation  to  Library    

„  Miscellaneous    


«  • 


&    s,    d,     &    s,   d. 


162    11  1 

4    3 

0 

24  16 

0 

69  10 

6 

252  17 

2 

613    0 

5 

16    4 

0 

1    0 

0 

981  11    1 
8  10    6- 

49  12    4 

30    0    0 

5    0    0 

0  17    8 

Total 


£1.238    2    8 


RECEIPTS. 


By  Donations 
„  Compositions 


•  •  • 

•  •  • 


•  •  • 

•  •  • 


STATEMENT  OF 
On  31s/ 


£ 

8, 

d. 

•  •  • 

200 

0 

0 

• 

«  •  • 

191 

16 

0 

Total 

£391 

15 

0 

ESTIMATE  OF  ASSETS 

On  the  Ust 


LIABILITIES. 


By  Subscriptions  in  advance  

„  Outstanding  Accounts— Salaries         

Short-hand  reporting 
Attendance  and  Refreshment 
Rent,  Fuel,  Taxes,  and  ( 
Printing  and  Stationery 


&    s    d. 

•  •  •                   •  •  • 

...      20    4    0 

•  •  •                   •  •  • 

4  19    0 

•  •  •                   •  •  • 

3    3    0 

iment 

1  14  10 

Cleaning  ... 

...      60    0    0 

•  •  •                 •  •  • 

...     669  19    0 

749  19  10 

Balance  Cr. 

...     871  14  11 

£1,621  14    9 
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AND  EXPENDITURE 

year  ending  Zlst  Decemherj  1876. 

EXPENDITURE. 


To  Salaries — Secretary  and  Clerical  Assistance 

Clerical  Assistance  to  Treasurer  ... 


£    8,    d. 

202    9    8 

15    0    0 


•  •  •  •  •  • 


„  Shorthand  Reporter 

,,  Attendance  and  Refreshments  at  Meetings    ... 

„  Printing  and  Stationery  

„  Fomiture  and  Fittings 

„  Rent,  Taxes,  Fuel,  and  Cleaning        

„  Overpaid  Subscriptions  refunded        

„  Sir  F.  Ronald's  Library — Insurance 

Legal  Expenses     . . . 

„  Petty  Expenses,  including  Postage  and  cost  of  issue 
Journals — 

Secretary 
Treasurer 


of 


•  •  •  •  •  • 


•  ••  •••  •••  »•• 


5    0    0 
9  11  11 


56  15    0 
7  17    2 


£    8.  d. 


217    9  8 

17    6  6 

17  10  0 

432  19  1 

90    7  3 

242    3  6 

11  16  0 


14  11  11 


Balance  Cr. 


64  12    2 
129    6    7 

Total     £1,238    2    8 


(Signed) 


C.  E.  WEBBER,  Majoe  R.E.,  Hon.  Treasxirer. 
J.  SIVEWRIGHT,  Acting  Secretary, 

We  have  compared  the  above  Account  with  the  Vouchers  and  Cash  Books,  and 
find  it  to  be  correct,  leaving  in  the  hands  of  the  Treasurer  one  hundred  and  twenty- 
nine  pounds,  six  shillings,  and  seven  pence. 


J.  WAGSTAFF  BLUNDELL,   }     a,,^^.^. 
FRED.  CHAS.  DANVERS,        J   ^^*^*^''^** 


CAPITAL  ACCOUNT 

December,  1876. 


EXPENDITURE. 


To  Furniture  and  Fittings  ... 


•  •  •  •  •  • 


£    9.    d. 
...    376    4    6 
Balance  Cr.        15  10    6 


...        ... 


Total        ...  £391  15    0 


AND  LIABILITIES 

December,  1876. 


ASSETS. 


To  Unpaid  Subscriptions 

„  Furniture  ...        ...        .. 

„  Journals  sold  or  in  hand 

„         „        in  hand  of  publishers 

„  On[)jects  presented  to  Society     .. 


•  ••  •••  ••• 


•  •  • 


•« •  •• < 


Cash  in  hand 


•  •  • 

•  •  • 

•  •  • 
«  •  • 


£  8.  d. 

650  0  0 

210  0  0 

303  13  0 

113  16  2 

215  0  0 

129  6  7 


SA.^'cffiVW.  ^ 
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be  fulfilled,  but  the  Council  would  at  the  same  time  take  this 
opportunity  of  again  asking  the  Members  of  the  Society  to  con- 
tribute towards  this  end.  Original  communications,  more  than 
anything  else,  are  wanted,  and  with  a  properly-conducted  Journal 
no  better  medium  it  is  hoped  now  exists  for  the  publication  of  * 
researches  in  Electricity  or  inventions  in  Telegraphy  than  through 
the  Journal  of  the  Society. 

A  circular  has  been  addressed  during  the  past  year  to  the 
Members  on  the  subject  of  Papers  to  be  read,  and  it  is  gratifying  to 
be  able  to  announce  that  communications,  in  all  cases  of  value,  have 
been  already  forwarded  or  voluntarily  promised,  wliich  will  entirely 
occupy  the  evenings  at  our  disposal  before  the  close  of  the 
Session. 

There  is  but  one  point  more  on  which  the  Council  feel  it  their 
duiy  to  dwell,  and  that  is  the  payment  of  arrears  of  subscriptions. 
The  list  of  these,  although  considerably  reduced,  is  still  a  great 
deal  larger  than  it  ought  to  be,  and  some  special  steps  will  have  to 
be  taken  for  recovering  them,  or  for  the  removal  jfrom  the 
Society's  books  of  those  who,  notwithstanding  every  appeal,  still 
decline  to  subscribe  what  is  owing  by  them.  But  for  this  the 
Council  would  have  had  the  utmost  pleasure  in  congratulating  the 
Society  upon  the  prospect  immediately  before  them  of  a  Session  of 
considerable  promise. 


On  the  motion  of  Mr.  Gerhardi,  seconded  by  Mr.  Langdon,  the 
Report  was  unanimously  approved  and  adopted. 

The  President  :  Before  opening  the  discussion  on  the  paper  read 
at  the  last  meeting  the  Acting  Secretary  will  read  a  communica- 
tion which  has  reached  us  from  Mr.  Aylmer,  our  Honorary  Secretary 
in  Paris,  "On  a  form  of  Lightning  Conductor  used  on  the  State 
lines  of  France." 

The  Acting  Secretary  then  read  the  following  communication : — 

Paris,  9th  December,  1876. 

Dear  Sir, — As  I  see  that  the  subject  of  Lightning  Guards  is  to 
be  again  before  the  Society  at  their  next  meeting,  I  thought  it 
might  interest  the  members  to  hear  something  about  the  principal 
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form  of  guard  used  by  the  French  Administration  on  the  State 
lines.  I  have  to-day  sent  you  one  of  each  of  the  two  patterns  in 
use  for  the  members  to  see,  and  shall  feel  obliged  if  you  will  read 
them  the  short  description  I  inclose  herewith.  I  may  mention  that, 
with  the  exception  of  the  fine  platinum  wire,  an  exactly  similar 
guard  to  that  designed  by  Mr.  Andrew  Jamieson  has  been  under 
trial  in  this  country  for  some  time  back. 

I  am,  dear  Sir, 

Yours  very  faithfully, 

J.  Aylmer. 

The  Secretary  of  the 

Society  op  Telegeaph  Engineers, 

London. 


BERTSCH'S  LIGHTNING  GUARDS. 

The  principle  upon  which  these  lightning  guards  are  constructed 
is  that  of  a  combination  of  plates  with  a  considerable  number  of 
very  fine  points.  They  are  made  of  two  forms,  one,  which  is  in- 
closed in  a  strong  and  water-tight  cast-iron  box,  is  intended  for 
fixing  outside  a  station,  upon  the  terminal  pole  of  a  line,  at  the 
mouth  of  a  tunnel  in  which  there  are  covered  wires  to  protect,  or 
at  the  junction  of  overhead  with  underground  wires;  the  other, 
which  is  preserved  from  dust  and  injury  by  a  light  wooden  box,  is 
placed  inside  the  station  as  near  as  convenient  to  the  entry  of  the 
line  wire. 

The  first  of  these  guards  is  composed  of  two  brass  plates,  each 
carrying  300  fine  silvered  points.  These  plates  are  insulated  from 
each  other,  and  are  placed  so  that  the  points  of  one  plate  are 
exactly  opposite  those  pf  the  other,  and  at  a  uniform  distance  of 
about  one  millimeter  two  binding  screws  fixed  outside  the  cast-iron 
box,  but  insulated  from  it  by  blocks  of  ebonite,  are  in  connection 
with  one  plate,  the  other  being  in  electric  communication  with  the 
metal  box.  The  line  wires  are  attached  to  the  binding  screws  on 
the  front  of  the  box,  and  the  earth  wire  is  held  under  the  head  of 
one  of  the  four  coach  screws  which  fix  the  apparatus  to  the  wall  csi^ 
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pole.  The  iron  box  has  strongly  glazed  sides  to  permit  tibe  state  of 
the  inside  being  seen. 

The  second  guard  consists  of  three  brass  plates ;  the  uppermost 
or  first  of  them  carries  300  fine  silvered  points,  which  are  held  at  a 
distance  of  one  millimeter  from  the  second  or  middle  plate.  This 
latter  one  rests  upon  a  third  or  last  plate,  but  is  insulated  from  it  by 
the  interposition  of  a  piece  of  varnished  sheet  gutta-percha  or 
paraffined  paper.  Two  metal  pillars  screwed  into  the  bottom  plate 
hold  the  top  one  in  its  place  and  make  electric  communication 
between  the  two.  The  line  wires  are  attached  to  binding  screws 
carried  by  the  middle  plate,  and  the  earth  wire  to  a  screw  on  the 
third  or  lower  plate.  This  guard  acts  as  a  double  discharger,  for  an 
atmospheric  charge  entering  the  centre  plate  is,  if  weak,  drawn  off 
by  the  points,  or,  if  strong,  goes  direct  to  earth  by  traversing  the 
gutta-percha  or  paper  sheet  separating  the  centre  from  the  under 
plate.  After  this  latter  happens  it  may  be  necessary  to  replace  the 
insulating  sheet  with  a  fresh  one. 

Several  thousands  of  both  these  lightning  guards  have  been 
brought  into  service  by  the  French  Telegraph  Admininstration  at 
different  times  during  the  last  eight  years.  They  continue  to  give 
every  satisfaction,  and  are  still  largely  ordered. 

The  French  Railway  Companies  also  use  them,  especially  for  the 
protection  of  covered  wires  in  the  tunnels. 

Mr.  Andrew  Jamieson  then  read  some  supplemental  remarks  to 
his  paper,  and  gave  a  further  description  of  his  lightning  protector. 

The  President  :  Before  calling  upon  the  Members  for  their 
observations  on  this  subject,  I  would  revert  to  the  last  meeting, 
when  "Walker's  Lightning  Protector"  was  mentioned.  As  it 
was  of  very  ancient  date  I  was  unable  to  recall  its  history  at  the 
moment.  I  have  brought  one  or  two  of  them  here  to-night.  This 
[exhibiting]  is  one  of  the  conductors  complete,  ready  to  place  in 
the  circuit  of  a  telegraph  wire.  Its  parts  are  a  small  wooden 
bobbin,  about  an  inch  in  length,  and  a  stout  brass  cylinder  for  earth- 
connection  outside  the  bobbin,  1^  inch  long  and  five-eighths  inside 
diameter.  The  total  length  of  the  little  instrument  is  3^  inches, 
including  a  terminal  at  each  end.  Nine  yards,  weighing  21  grains, 
of  No.  40  copper  wire  are  wound  in  three  layers  on  the  bobbin,  and 
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complete  the  circuit  between  termiual  and  terminal,  Tlie  foot  of 
one  of  the  terminals  preaentji  three  ftne  points  to  the  earth- 
cylinder,  Tlie  earth- cylinder  presents  three  like  points  to  the  foot 
of  the  other  terminal.  The  former  terminal  is  screwed  into  the 
bobbin  in  connection  with  one  end  of  the  fine  wJi-e  ;  it  carries  a 
spur,  which  presents  six  line  points  to  the  earth- cylinder.  Here 
[exhibiting]  is  one  which  has  suffered  in  protecting  an  inatrunient 
from  lightning,  and  can  be  examined.  The  points  of  the  spur  are 
fused,  as  is  also  some  of  the  solid  brass  on  the  inner  side  of  the 
cylinder,  Here  [exliibitijig]  is  another,  which  has  protected  an 
instrument,  and  the  spur  points  are  entirely  fused  away.  Here 
[exhibiting]  le  also  one  which  has  done  duty ;  the  inside  of  the 
cylinder  is  much  fused.  These  instruments  were  brought  into  use 
in  the  year  1848.  Referring  back  to  my  diary,  I  find  these 
entries ; — 

1848,  July  15.     Tunbridge  Welis.— Coiis  of  Tunbridge  instru- 
ment and  bell  fused.     New  lightning  conductors  not  up. 

1848,    September   25.     Margate, — Fitted    ray    lightning   con- 
tldnctors. 

1  1848,  October  6,     London. — Fitted  with  movable  and  lightning 
inductors. 
1848,  October  28. 
I  entered ;   darted 
cylinder ;  bm-nt  off  s 
the  instrument. 

Of  late  years  I  have  attributed  a   great  deal  of  the   immunity 
of  our  telegraph  lines  from  serious  damage  by  lightning  to  the  fact 
■rf  the  block  system  being  universally  adopted,  so   that  the  wires 
Pl^nerally  terminate  in  earth  so  frequently,     There  ai'e  lying   on 
^he  table  two  of  the  oldest  lightning  protectors  with  which  I  am 
acquainted.    That  with  balls  and  points  was  used  before  1845.   The 
North  Kent  line,  erected  by  Mr.  (now  Sir  W.  F.)  Cooke  in  1849, 
was  provided  with  a  double-barrelled  lightning  conductor,  some- 
what the  same  in  principle  as  mine.     The  instmment  you  will  find 
fully  described  in  the  SUclrtG  Telegraph  Manipulator,  published  in 
p-lSSl.     I  shall  now  be  glad  to  hear  any  remarks  which  gentlemen 
lay  have  to  offer  on  the  subject. 


Short  storm.  Tunbridge  Wells. —  Lightning 
bobbing  wire  of  lightning  conductor  to 
silk;  connected  wire  with  cylinder,  and  saved 
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Mr.  Latimeb  Clark  :  I  beg  to  bring  under  the  notice  of  the 
Society  a  principle  of  construction  of  Lightning  Protectors  which  I 
invented  a  long  time  ago,  and  which  I  think  was  worthy  of  more 
notice  than  it  received  at  the  time.  It  is  well  known  that  when 
two  plates  are  laid  near  togetlier,  owing  to  the  effect  of  induction 
the  facility  with  which  a  spark  passes  between  the  two  plates  is  not 
so  great  as  when  a  point  is  presented  to  a  plate.  But  with  light- 
ning protectors  having  points  it  depends  upon  mechanical  skill  how 
near  you  can  get  these  points  without  danger  of  contact  My 
object  was  to  enable  'you  to  insure  close  proximity  of  the  points 
without  reference  to  the  skill  of  the  mechanic.  I  have  a  model 
here  [exhibiting].  This  bottom  plate  is  an  earth-plate  of  iron. 
Upon  this  I  place  either  a  thick  film  of  varnish  or  a  piece  of  thin 
carbon  paper,  on  which  I  place  the  upper  plate,  pierced  foil  of  holes, 
each  of  which  contains  a  loose  pin  or  point.  The  peculiarity  is 
that  these  points  are  all  free  to  slide  vertically  within  the  plate  so 
loose  that  they  all  fall  down  and  rest  on  their  points  on  the  paper 
covering  of  the  plate,  so  that  when  put  into  position  each  point  is 
separated  from  the  earth-plate  only  by  the  thickness  of  the  varnish 
or  tissue  on  which  it  rests.  The  whole  are  therefore  at  a  uniform 
distance  from  the  earth-plates  dependent  upon  the  thickness  of  the 
film.  I  think  upon  that  principle  a  useful  form  of  lightning  pro- 
tector may  be  constructed,  although  I  have  not  myself  attempted 
to  bring  it  into  practical  use.  I  would  merely  add,  in  cases  like 
those  Mr.  Jamieson  described  at  the  last  meeting,  where  the  pro- 
tector has  to  be  placed  at  some  distance  from  the  office,  it  would, 
I  think,  be  an  advantage  to  adopt  some  arrangement  by  which, 
through  the  agency  of  an  electro-magnet,  by  sending  a  current 
the  upper  plate  may  be  lifted  up  from  the  lower  one ;  the  act  of 
lifting  up  the  points  and  allowing  them  to  fall  again  would  break 
any  contact  or  fusion  that  might  have  been  caused  by  lightning,  and 
might  be  useful  also  when  testing  the  line  in  cases  where  the  pro- 
tector is  in  a  cable  house  at  some  distance  from  the  office.  I  may 
add,  that  a  cheap  form  of  this  protector  can  be  had  by  looping  or 
suspending  loose  wire  to  the  upper  or  line-plate,  and  allowing  it 
to  rest  at  an  angle  on  the  bottom  plates,  with  tissue  interposed ;  the 
mere  shaking  of  the  protector  would  at  once  break  any  connection 
formed  by  Lghtning  between  tl\e  Im^  «jvd  earth. 
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Mr.  R.  VON  Fischer  Trbdenfeld  :  Mr.  JamieHoii's  very  neat  con- 
struction of  a  lightning  discharger  is  based  on  the  principle  ofdoiiblo 
security,  and  there  can  be  no  doubt  that  tliis  metliod  is  safer  than  that 
of  single  security.  Mr.  Jamieson  combines  the  Siemens  plate  sysleni , 
which  lie  terma  "protector,"  with  the  fuzing  of  a  fine  platinum 
wire,  called  "  arrester,"  The  same  desire  for  additional  security  in 
the  construction  of  lightning  dischargers  led  long  ago  to  con- 
structions of  a  very  similar  kind,  andtliero  is  on  the  table  an 
apparatus,  exhibited  by  Messrs.  Siemens,  based  on  exactly  the 
same  two  principles. 

This  lightning  discharger  consists  of  a  massive  brass  cylinder 
with  a  fine  spiral  groove  around  its  circumference;  this  cylinder  is 
connected  to  earth.  In  the  groove  is  laid  a  spiral  ol'  fine  silk- 
covered  platiumn  wire,  which  forms  part  of  the  line  circuit.  In 
this  discharger  the  silk  intervening  between  the  platinum  lino 
circuit  and  the  brass  earth-cj'linder  represents  the  system  of  the 
plate  lightning  discharger,  and  the  platinum  wire  itself  the  prin- 
ciple of  the  arrester. 

With  regard  to  the  coiistniction  of  lightning  dischargers  for 
ordinary  laud-line  stations  I  beg  to  point  out  an  important  prin- 
ciple which  appears  to  have  been  overlooked  in  some  of  the  appa- 
ratus exhibited. 

The  principle  I  refer  to  is,  that  it  is  essential  that  a  station 
lightning  discharger  be  easily  accessible,  and  it  should  admit  of 
all  the  working  parts  being  readily  inspected  by  the  station  clerk 
without  the  necessity  of  unscrewing  the  apparatus  or  using  any 
tools  for  the  pur[JOse  of  inspection.  Soch  constructions  as  cannot 
bo  easily  inspected  so  that  the  clerk  may  at  once  convince  himself 
that  the  lightning  discharger  is  not  the  source  of  the  fault  under 
observation,  altliough  based  theoretically  on  better  principles,  must 
lead  to  the  introduction  of  disadvantages  and  uncertainty,  tliere- 
fbre  I  maintain  the  opinion  that  tlie  old  Siemens  plate  lightning 
discharger  is  still  decidedly   the  most  efficient  for  land   lines  of 


Mr.  W.  H.  PsEECE;  It  is  rather  a  strange  assertion  to  make, 
but  I  have  in  ray  own  mind  no  doubt  whatever  that  we  in  England 
saSer  more  from  atmospheric  electricity  than  any  other  country  on 
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the  globe.  It  is  not  that  thunderstorms  are  more  frequent  here, 
for  we  know  that  in  this  temperate  climate  they  are  few  and  fer 
between.  Nor  are  they  more  intense ;  because  compared  with  the 
roaring  lions  that  we  hear  of  in  tropical  regions  our  thunderstorms 
are  mere  sucking  doves.  But  it  is  because  in  this  small  country  of 
ours  we  have  an  enormous  network  of  nearly  170,000  miles  of 
wire  and  about  20,000  instruments  concentrated  over  a  small  area. 
Hence  no  little  puny  thunderstorm  can  approach  our  shores  and 
spend  itself  upon  our  hills  and  valleys  without  embracing  in  its 
influence  many  miles  of  these  wires  and  many  of  these  instruments. 
Thus  it  is  that  the  number  of  accidents  from  lightning  in  England 
are  so  numerous. 

When  I  brought  this  subject  before  the  Society  on  a  previous 
occasion,  I  showed  that  from  the  1st  of  Januar}',  1872,  to  the  end 
of  July  in  the  same  year,  there  were  no  fewer  than  897  lightning 
accidents.  Taking  the  whole  of  1872  together,  there  is  no  doubt 
that  in  England  we  experience  at  least  1,200  faults  from  lightning 
itself.  No  doubt  the  year  1872  was  a  year  of  maximum  intensity. 
Probably  thunderstorms,  like  auroras  and  earth-currents,  occur 
most  at  stated  periods.  The  period  of  the  two  last  is  known  to  be 
iibout  eleven  years.  Those  j)eriods  have  not  yet  been  determined 
for  tliundorstorms.  1872  was,  as  I  have  said,  a  maximum  season; 
since  then  the  intensity  of  the  storms  has  been  gradually  diminish- 
ing. During  the  past  year,  from  Nov.  1st,  1875,  to  30tli  Nov. 
1876,  the  1,200  lightning  faults  which  were  experienced  in  1872 
have  fallen  down  to  442,  so  that  in  the  last  year,  on  the  whole  postal 
telegraph  system  of  England,  we  have  sujflPered  442  times  from  the 
ejflPects  of  lightning. 

Now  lightning  develops  itself  in  two  forms.  There  are  the  direct 
discharge  and  the  induced  current  due  to  the  approach,  discharge, 
or  departure  of  a  charged  cloud.  We  do  not  suffer  much  from 
the  direct  discharge.  When  the  wires  or  apparatus  form  a  path 
for  the  discharge  from  the  cloud  to  the  earth,  everything  of  course 
is  shattered.  I  have  several  records  of  such  cases ;  some  of  them 
arc  interesting,  and  I  will  mention  one  which  I  have  taken  from  a 
report  from  South  Wales.  On  May  25th,  1876,  a  severe  thunder- 
storm occurred  about  8  a.m.  in  the  neighbourhood  of  Tondu,  last- 
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ing  about  an  hour.  One  discharge  destroyed  a  needlo  instrument, 
melted  the  ii-oii  line-wire,  fused  the  gaspipe,  lit  tlie  gas,  and  burnt 
part  of  the  station.  A  horse,  a  cow,  and  thirty  turkeys,  were 
killed  by  the  same  flash. 

The  inducetl  effect  of  charged  douds  develops  itself  in  tho  form 
of  intense  currents  traversing  our  wu'es  and  operating  our  instra- 
ments.  They  vary  in  direction  and  strength.  At  times  they  cannot 
be  distiuguiahed  from  working  ciu-rents.  A  postmaster  observed, 
on  August  24th,  that  a  pale  blue  flash  moved  his  A  B  C  instrument 
one  letter,  a  darker  flash  mo\'ed  the  indicator  two  letters,  in  three 
instances  thi'ee  letters,  and  another  four,  and  in  one  instance  tho 
indicator  was  moved  as  many  as  ten  letters.  Thus,  between  tlie 
direct  discharge  and  the  working  current  we  have  various  stages  in 
the  sti'ength  of  the  current  produced  by  atmospheric  electricity, 
producing  various  kinds  of  accidents  on  poles,  wires,  and  apparatus. 
The  poles  have  rarely  suffered.  Insulators  were  sometimes  cracked 
and  sometimes  smashed.  There  was  one  authenticated  instance  of 
two  insulators  falling  coincident  with  a  flash,  but  no  trace  of 
lightning  eould  he  found  upon  them,  I  Jiavo  seen  iuaulatoi's  wlilch 
gave  distinct  indication  of  carbonisation  and  discolourisation  from 
the  passage  of  the  dischai'ge.  The  leading-in  wires  frequently 
suffer,  being  frequently  destroyed  by  the  passage  of  the  discharge. 
There  was  an  instance  of  this  at  Appledore,  Nortli  Devon,  in  whicli 
a  terminal  polo  was  thirty  yards  from  the  office.  The  discharge 
entered  the  ling  wire,  and  passed  tliroogh  the  gutta-percha  wire  to 
the  office.  Twenty  yards  of  tiiis  wire  were  entu'ely  desfroyed,  and 
in  many  places  the  copper  wire  inside  the  gutta-percha  was  entirely 
dissipated,  so  that  no  trace  whatever  could  be  found  for  many 
inches  of  the  presence  of  copper.  The  charge  passed  from  the 
leading-in  wire  to  the  earth  wire,  and  thence  to  a  water-pipe  under 
the  flags.  At  the  junction  of  the  earth-wire  and  water-pi^ie  the  lead 
was  fused  and  the  water  escaped.  The  casing  was  split  to  pieces 
for  a  short  portion  between  the  leading-in  wire  and  the  waferpipe. 
The  earth-wire  of  No.  8  iron  carried  the  charge  away  perfectly. 
These  [exhibiting]  are  specimens  of  the  way  in  which  the  leading-in 
wire  has  been  twisted  and  melted,  and  in  some  ]ilaces  dissipated, 
and  they  are  worthy  the  inspection  of  tho  Members  of  the  Society. 
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Sometimes  wo  have  had  accidents  in  underground  wires.  Two 
or  three  faults  are  shown  on  this  board,  wliere  tlie  charge  made  a 
complete  hole  through  the  gutta-percha,  the  edges  being  scarred, 
burnt,  and  carbonised ;  but  it  is  in  our  apparatus  we  principally 
sujflper,  and  of  those  442  faults  I  have  mentioned  nearly  all  hap- 
pened in  the  apparatus.  Tlie  character  of  the  faults  is  as  follows : — 
198  coils  were  fused,  and  75  magnets  were  demagnetised;  20 
ABC  instruments  were  deadjusted  ;  149  K  protectors  were  fused 
or  otherwise  injured. 

With  regard  to  the  mode  of  protection,  Mr.  Walker  has  brought 
before  us  an  interesting  historical  record  of  what  was  done  in  this 
way  in  1848-49.  But  the  Electric  Telegraph  Company,  who  first 
established  the  commercial  system  of  telegraphy  of  this  country, 
speedily  abandoned  tlie  use  of  protectors,  for  the  simple  reason 
that  they  found  by  experience  that  the  protectors  themselves  pro- 
duced more  faults  than  they  were  designed  to  prevent.  In  those 
days  wires  were  few,  and  instruments  were  scattered,  and  storms 
passed  over  the  country  harmlessly ;  but  when  the  system  was 
more  extended  and  it  fell  into  the  hands  of  the  Post  Office  it  was 
evident  that  protectors  became  essential.  Previous  to  that,  how- 
ever, Mr.  C.  F.  Varley  had  taken  advantage  of  the  experiment  of 
Faraday,  which  showed  that  electricity  of  high  tension  flew  across 
a  short  air  space  in  preference  to  taking  a  wire  circuit.  He 
simply  knotted  or  twisted  the  two  silk-covered  ends  of  the  coil-wire 
together  without  interfering  with  the  working  currents,  but  enabling 
currents  of  great  intensity  to  fly  across  and  to  avoid  the  coil. 

This  was  a  protector  as  far  as  the  evil  was  concerned,  and  it 
possessed  the  principle  which  Mr.  Treuenfeld  advocated,  and  with 
which  I  fully  concur,  that  the  protector  should  be  capable  of  being 
easily  repaired.  The  twisted  wire  was  subsequently  wound  around 
a  boxwood  bobbin,  which  in  its  turn  was  replaced  by  a  brass 
bobbin  connected  to  earth,  and  that  in  its  turn  by  a  brass  tube, 
around  which  a  fine  wire  was  coiled,  so  that  by  a  process  of  evolu- 
tion the  protector  used  by  the  Post  Office  became  this  little  pro- 
tector which  Mr.  Treuenfeld  has  shown  this  evening. 

Points  have  not  been  very  much  used  in  any  form,  but  plate 
conductors  are  much  used,  and  certainly  show  themselves  to  be 
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extremely  efficient  Of  the  diiflPerent  plates  there  are  two  methods 
in  use — one  where  the  two  plates  are  separated  by  an  air  space 
pure  and  simple,  and  tlie  other  in  which  the  plates  are  separated  by 
a  piece  of  thin  paraffin  paper.  It  is  yet  a  question  to  be  decided 
which  of  these  two  methods  is  best.  The  air  space  fulfils  the  con- 
dition of  Faraday's  experiments.  The  paraffin  paper  places  between 
the  two  plates  a  dielectric  of  very  high  resistance,  and  unless  the 
paraffin  paper  has  holes  or  defects  in  it  it  can  be  as  eflfective  as 
the  air  space.  On  the  other  hand  it  enables  the  plates  to  be  brought 
very  near  each  other,  for  ebonite  washers  between  the  two  plates 
where  an  air  space  is  used  necessitates  their  being  placed  a  greater 
distance  apart  than  when  separated  by  paraffin  papers.  It;(¥ould 
appear  that  a  compromise  between  the  two  methods  is  perhaps  best 
— ^that  is,  two  plates  separated  by  perforated  paraffin  paper  so 
managed  that  there  shall  always  be  an  air  space. 

Perhaps  the  most  efficient  lightning  protector  is  the  vacuum  tube 
of  Mr.  Varley,  but  it  is  not  much  adopted  in  practice,  because  it  is 
so  expensive.  At  all  cable  ends,  however,  and  at  many  of  the 
connections  between  open  wires  and  long  underground  lines,  wher- 
ever expense  is  no  object,  we  place  this  vacuum  protector,  and 
wherever  it  has  been  used  it  has  been  very  eflfectual.  The  difficulty 
is  to  maintain  the  vacuum,  which  can  only  be  insured  by 
constant  inspection.  They  are  periodically  tested  by  passing  sparks 
from  small  induction  coils,  which  gives  unmistakeable  intimation  of 
the  pressure  or  absence  of  vacuum  by  the  form  and  colour  of  the 
spark.  Fine  platinum  wire  is  also  used  in  connection  with  the 
cable.  At  all  cable  ends  every  precaution  is  taken  to  obtain  great 
safety  and  security.  The  land-line  is  first  attached  to  a  plate  pro- 
tector, serrated  according  to  Siemens'  method  ;  it  is  then  connected 
by  a  piece  of  thin  platinum  wire,  which  is  spirally  arranged  round 
an  earth  tube.  From  that  it  passes  to  the  vacuum  conductor,  and 
thence  to  the  cable ;  so  that  a  charge  passing  from  open  wires  to  a 
cable  has  to  overcome  these  three  enemies — first,  the  plate  dis- 
charger; next,  tliej^fine  platinumVire  which  is  coiled  for  a  long 
length  round  a  tube  or  barrel  of  brass  connected  with  eartli,  all  of 
which  give  every  opportunity  to  dispose  of  the  charge  ;  and  lastly, 
it  has  the  vacuum  to  overcome :  so  that  it  stands  to  reason  every 

VOL.  V.  2  c 


386  ON  A  NEW  FORM  OF  LIGHTNING  PROTECTOR    [13th  Dec 

charge,  however  intense  on  reaching  the  land-line,  is  so  rednoed  in 
potential  before  it  enters  the  cable  that  it  becomes  perfectly  harm- 
less. The  fine  wire  is  abroad  often  placed  next  to  the  cable,  bnt 
this  is  a  fatal  error,  for  the  charge  that  ftises  the  wire  must  neces- 
sarily also  enter  the  cable.  If,  however,  the  yacnmn  protector,  or 
any  protector,  be  between  tha  fine  wire  and  the  cable,  it  may  be 
fused  without  danger  to  the  cable,  for  the  protector  will  reduce  the 
potential  of  the  charge  before  it  enters  the  cable. 

In  some  cases  lightning  protectors  are  attached  directly  to  the 
line-wires,  the  binding  wires  being  turned  down  and  the  ends 
pointed  in  the  direction  of  the  pin  of  the  insulator.  This  has 
proved  to  be  a  very  effective  lightning  protector.  Probably  the 
most  effective  protectors  in  England  are  the  earth-wires,  which 
exist  at  nearly  every  pole.  Notwithstanding  the  fact  that  nearly 
every  pole  in  England  has  a  lightning  protector — every  instrument 
has  a  protector  of  some  sort  or  other — nevertheless  in  the  past  year 
wo  have  suff*ered  no  less  than  442  times  from  the  effects  of  light- 
ning. I  do  not  mean  to  assert  that  lightning  has  defeated  us ;  on 
the  contrary,  I  think  we  have  succeeded  in  defeating  the  lightning; 
but  in  point  of  fact  there  are  currents  between  what  are  actual 
working  currents  and  what  are  currents  of  sufficent  intensity  to 
make  protectors  operate,  of  such  strength  and  duration  as  to  fuse 
coils  and  deadjust  apparatus.  Hence  we  cannot  hope  to  be  entirely 
free  from  lightning  interference.  We  have  really  made  our  light- 
ning protectors  too  sensitive.  They  are  too  frequently  subjected  to 
currents  of  intensity  not  high  enough  to  overcome  air  spaces,  or 
spaces  of  paraffin  paper,  but  strong  enough  to  damage  coils.  How- 
ever sensitive  or  however  coarse  we  make  the  protectors  we  shall 
never  thoroughly  prevent  lightning  from  injuring  our  apparatus. 
I  do  not  think,  however,  we  have  yet  obtained  the  desideratum  of 
a  thoroughly  good  protector.  What  we  want  is  a  safe  protector- 
safe  to  protect  our  apparatus  and  safe  to  prevent  putting  on  faults; 
and  until  we  do  possess  such  a  protector  I  do  not  think  it  can  be 
said  that  in  this  particular  branch  of  our  profession  we  have  reached 
perfection. 

Mr.  R.  VON  Fischer  Treuenfeld  :   I  am  very  much  pleased  to 
hear  that  the  opinion  of  so  high  an  authority  as  Mr.  Preece,  based 
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on  the  results  obtained  in  the  British  Post  Office  Telegraphs,  agrees 
with  mine,  that  is,  that  the  Siemens'  lightning  discharger  is  most 
efficient  in  its  working. 

Mr.  Preece  considers  it  an  open  question  whether  a  plate  dis- 
charger  with  a  layer  of  paraffined  paper  between  the  plates  is  pre- 
ferable  to  one  with  an  air  space  only ;  the  former  he  considers  to 
have  the  disadvantage  of  introducing  a  high  resistance  to  the 
atmospheric  electricity ;  the  latter  is  open  to  objection  on  account 
of  the  ebonite  washers  wearing  away  in  the  course  of  time  and 
thereby  changing  the  intervening  air  space. 

I  beg  to  draw  Mr.  Preece's  attention  to  Siemens'  plate  lightning 
dischargers  of  more  modem  construction,  which  are  entirely  free 
from  the  objection  of  the  ebonite  washers.  From  the  one  exhibited 
on  the  table  you  will  see  that  the  line  and  earth-plates  are  main- 
tained at  their  original  distance  from  one  another,  with  ebonite 
washers,  and  are  not  liable  to  any  change  of  their  relative  positions. 

Mr.  Preece  :  My  observations  amounted  to  this :  my  objection 
to  air  spaces  was  that  you  could  not  bring  your  two  plates  so  close 
together  as  you  can  when  they  are  separated  only  by  a  thin  piece 
of  paraffin  paper ;  you  can  then  bring  them  to  almost  an  infini- 
tesimal distance  from  each  other ;  and  that,  when  you  use  an  air 
space,  you  are  liable  to  have  the  plates  forced  together  by  a  dis- 
charge which  would  pass  by  harmlessly  if  paraffined  paper  be  used. 
Personally,  however,  I  prefer  an  air  space  to  the  interposition  of 
any  dielectric  or  conducting  medium  of  high  resistance,  for  an  air 
space  appears  to  me  to  fulfil  exactly  the  conditions  required  for  a 
lightning  protector,  that  is,  it  offers  an  infinite  resistance  to  the 
working  currents  and  a  very  low  resistance  to  currents  of  high 
intensity. 

Mr.  Saunders  :  As  to  the  protection  from  lightning  of  cables 
connected  with  aerial  lines  I  have  always  found  that  the  fine  wire- 
guard  .is  sufficient 

The  cables  of  the  Mediterranean  Extension  Company  from  Sicily 
to  Malta,  and  Otranto  to  Corfti,  the  former  with  about  seventy,  and 
the  latter  with  about  twelve  miles  of  aerial  line  in  circuit,  were 
formerly  protected  by  a  fine  wire  of  about  three  feet  long,  inclosed 
in  a  glass  tube  for  safety.      These  wires  were  frequently  ftised  and 
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the  glass  tube  fused  and  broken,  but  in  no  case  has  there  been  any 
damage  to  the  cables.  Seeing  that  the  glass  tubes  broke,  gave  me 
the  idea  of  inclosing  a  spiral  of  fine  wire  in  a  brass  tube  (connected 
to  earth),  with  discharging  points  at  each  end.  By  placing  it  hori- 
zontally when  the  wire  was  fused,  the  ends  fell  on  to  the  inside  of 
the  tube  and  thus  put  both  aerial  line  and  cable  to  earth. 

At  Otranto  the  Eastern  Company's  Cable  to  Zante  is  also  con- 
nected to  a  short  length  of  aerial  line.  The  wires  were  so  often 
fused  there  that  the  superintendent,  Mr.  Eggington,  designed  a 
form  of  guard,  exhibited  on  the  table,  combining  the  wire  and 
plate  guards. 

I  was  in  hopes  of  receiving  from  Malta  some  information  as  to 
the  action  of  my  tube  lightning  guard  in  time  for  this  meeting,  but 
it  has  not  yet  reached  me. 

The  discussion  was  then  closed,  a  vote  of  thanks,  on  the  motion 
of  the  President,  being  unanimously  accorded  Mr.  Jamieson  for 
his  paper. 

The  President  announced  the  result  of  the  ballot  to  be  as 
fqllows : — 

President. 

PROFESSOR  ABEL,  F.R.S. 

Vice-Presidents. 

Major  J.  U.  BATEMAN-CHAMPAIN,  R.E. 

Professor  G.  C.  FOSTER,  F.R.S. 

W.  H.  PREECE,  M.I.C.E. 

CARL  SIEMENS,  M.I.C.E. 

Members  of  Council. 

Professor  W.  G.  Adams,  r.R.S. 

Captain  Anderson,  R.E. 

Captain  Armstrong,  R.E. 

G.  VON  Chauvin. 

H.  G.  Erichsen. 

Colonel  Glover,  R.E. 

Edward  Graves. 

Charles  Hockin,  M.A.,  C.E. 

Louis  ScHWENDLER,  Member  of  Council  of  Asiatic  Society. 


L876.]  NEW  MEMBERS.  389 

WiLLOUGHBY  SmiTH. 

C.  E.  Spagnoletti,  M.LC.E. 
C.  F.  Varley,  F.R.S.,  M.LC.E. 

Associates  of  Council. 

Frederick  Higgins. 
H.  R  Kempe. 
E.  T.  Truman. 

It  was  announced  that  the  Council  had  transferred  the  following 
gentlemen  from  the  class  of  Associates  to  the  class  of  Members. 
E.  C.  Warburton. 
a.  a  Ward. 
Joseph  Oppenheimer. 
Andrew  Jamieson. 

The  following  Candidates  were  balloted  for  and  declared  duly 
elected : — 

Foreign  Members  : — 

R.  K.  Boyle. 
Don  Alexandre  de  Bejar. 
George  D'Infreville. 
Don  Jose  de  Redonet. 
Carl  Vogel. 

Members  : — 

Adam  Armstrong. 
Captain  Fred.  Harvey. 

E.  Houghton. 

F.  G.  Maclean. 

G.  J.  Moberly. 
J.  G.  Pope. 
EarlPoulett. 
M.  R.  Trower. 
A.  0.  Walker. 
Cecil  Wray. 
Leonard  Wray,  jun. 
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Associates  : — 

*    J.  0.  L.  Berner. 
J.  Probert. 
J.  G.  Trott. 
W.  T.  Timbridge. 
T.  B.  Webber. 

The  Meeting  then  adjourned. 
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NOTES  ON  ELECTROLYTIC  POLARISATION. 

By  Professors  W.  E.  Atrton  and  John  Perry, 

Profe8BOT8  at  the  Imperial  College  of  Engineering^  ToJdoy  Japan. 

From  December  1875  to  August  1876  we  made  several  experi- 
ments on  polarisation  phenomena.  An  account  of  the  preliminary 
work  will,  we  hope,  be  found  of  some  interest. 

Two  platinum  plates,  each  10  by  8  centimetres,  were  placed  pa- 
rallel at  21*3  centimetres  apart  in  a  mixture  of  pure  water  and  sul- 
phuric acid  (specific  gravity  1  '016  at  50°  F.).  These  plates  could  be 
connected  by  a  key  with  the  poles  of  a  Daniell's  cell,  the  resistance 
of  connections,  galvanometer  shunted,  and  of  the  cell,  being  about 
8  ohms.  The  current  flowing  through  these  connections  was 
measured  in  farads.  The  j)latinum  plates  were  permanently  con- 
nected with  the  electrodes  of  a  quadrant  electrometer.  When  the 
current  was  broken  the  plates  were  left  insulated,  and  subsequently 
connected  by  resistance  coils  and  a  very  delicate  galvanometer. 

We  arranged  a  break-circuit-chronograph,  using  a  Morse  ink- 
writer,  worked  by  the  laboratory  clock,  to  record  the  time  when 
taking  readings  of  the  rapid  diminution  of  current  and  of  diflference 
of  potentials. 

We  would  here  say  a  few  words  about  the  measurement  of  a 
deflection  when  it  is  decreasing  very  rapidly.  Supposing  that 
there  is  a  constant  deflecting  couple  acting  on  a  vibrating  body 
which  is  swinging,  with  decreasing  swings,  about  its  position  of 
ultimate  rest,  we  know  that  Its  motion  may  be  calculated  if  wo 
imagine  that  it  is  eveywhere  retarded  by  a  force  vaiying  as  the 
velocity  of  the  body  (see  Tliomson  and  Tait's  Elements  of  Natural 
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Philosophy,  articles  294-6,  and  Clerk  Maxwell's  Electricity,  articles 
730-51).  Thus  in  a  reflecting  galvanometer  or  electrometer,  x  is 
the  distance  at  the  time,  t  of  the  moving  spot  of  light  from  a  fixed 
point  0  of  the  scale,  and  if  a  is  the  reading  of  the  position  of  rest 
of  the  spot  then  the  equation  of  motion  is 

where  K  is  a  constant  depending  on  the  moment  of  inertia  of  the 

needle,  &c.,  and  K'  is  a  constant  depending  on  the  viscosity,  Ac  of 

the  surrounding  medium.     Now,  when  we  suppose  that  the  current 

or  difference  of  potentials  is  constant  during  the  swinging,  that  is 

that  a  is  a  constant,  it  is  easy  to  solve  this  differential  equation,  a 

solution  being 

a?  —  a  =  c^ 

where  c  and  c'  are  constants.  If  ^i,  ^g,  a?3,  &c.  are  the  readings 
of  successive  elongations  (when  we  speak  of  an  elongation  we  mean 
the  reading  of  the  limit  of  the  swing),  then  we  may  begin  to  count 
time  from  (say)  the  first  elongation,  and  if  T  is  the  half  time  of  a 
complete  oscillation  of  the  needle 


a?3  —  a  =^  C€ 


-Tc' 


-(7l-l)Tc^ 

0?,^  —  a  =  C€      ^         ^ 

And  given  x^y  x^y  and  x^y  we  find  from  the  first  three  of  the  above 
equations  that 

X-^  +  tPg  —  ^Xc^ 

Now,  suppose  we  know  a  the  position  of  rest  of  a  needle  which  we 
have  set  swinging,  then  taking  the  elongations  x^^  x^y  and  ^g,  we 
see  that  if  the  needle  obeys  in  its  swinging  the  above  law,  then 

(^j  — a)  (x^—a)  =  (^g— a)*. 

This  is  a  test  which  an  experimenter  ought  to  apply  to  his  instru- 
ment so  as  to  find  to  what  extent  he  may  apply  the  formulae,  and 
lie  will  see  that  when  the  test  is  satisfactory  the  period  of  the  swing 
is  approximately  constant.     If,  as  is  often  the  case,  the  swings  are 
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very  great,  then  certain  corrections  ought  to  be  applied  because  of 
the  swings  not  being  isochronous. 

Now,  if  we  take  time  readings  of  the  elongations,  or  extremities  of 
swing,  of  (say)  a  galvanometer  needle  when  the  current  is  altering, 
we  find  no  help  in  any  mathematical  investigation  hitherto  published 
to  enable  us  to  measure  the  real  current  at  any  instant.  In  the 
absence  of  any  exact  method  we  have  assumed  what  is  nearly  true 
when  the  charge  in  a  is  not  too  rapid,  that  if  a  is  the  true  deflection 
at  the  time  when  the  spot  is  at  or,  then 

0?  —  a  =  c  €  ***^' . 

It  is  difficult  to  see  what  better  approximation  can  be  made  to  the 
solution  of  this  differential  equation,  but  certainly  c  varies  somewhat 
when  a  varies.  If  when  no  current  is  passing  we  cause  the  needle 
to  swing  to  right  and  left  of  zero,  two  successive  swings  from  zero 
being  X^  and  X^  opposite  in  sign,  and  if,  as  before,  T  is  half  the 
time  of  a  complete  vibration,  which  remains  nearly  the  same  in 
all  cases,  then 

And  hence  we  may  say  that  if  o^,  Og,  &c.  are  the  true  deflections 
when  the  spot  of  light  is  at  the  limit  of  its  swings  ^j,  c^^,  &c.  then 

Now,  let  the  timeg  of  successive  elongations  of  a  vibrating  spot  of 
light  be  taken,  and  let  the  readings  and  the  times  be  shown  on  the 
points  1,  2,  3,  &c.  (fig.  1),  time  being  measured  parallel  to  OT. 
Now  draw  a  curve  through  the  points  1,  3,  5,  7,  &c.,  and  another 
through  2,  4,  6,  8,  &c.     Draw  any  number  of  ordinates  bounded 
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by  the  two  ourveB  and  bisect  them  in  the  pointa  A,  B,  C,  &c.,  then 
if  the  equation 

0!  =  a  +  ce"''' 
(where  c  is  a  constant)  be  accepted  as  a  snfiiciently  aooorate  solution 
of  the  differential  equation  given  above,  the  curve  joining  A,  B,  C, 


&a.f  the 
the  truo 
tlie  first 
_Ha_ 
Hi 

merical 
then 


^.  I. 

middle  points  of  the  ordinates  show  the  time  readings  of 
deflections.  To  prove  this : — Let  time  be  counted  from 
elongation,  [>oint  1  in  the  above  figure,  and  let  a=f{t),  let 

K,  50  that  K  13  always  positive  and  is  the  ratio  of  the  nu- 

values  of  the  swings  to  right  and  left  of  a  constant  zero, 

^■i=/(0)  +  c 


Now  X  =  /(()  +   OK''"   is   the   equation   to   a   curve   passing 
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through  all  the  points  1,  2,  3,  4,  &c.,  sj  =  f{t)  +  OKt=<^  « (say)  is 
the  equation  to  some  curve  passing  through  the  points  1,  3,  5, 7,  &c., 

and  A*  =  /(^)  —  0  K^  is  the  equation  to  some  curve  passing  through 
the  points  2,  4,  6,  8,  &c.     Let  us  first  consider — 


t 

T 


or  =/(«)  + OK 
dt       dt  T    ^ 


(I.) 


Now,  since  the  current  passing  through  the  galvanometer  is 
supposed  to  be  steadily  diminishing  it  follows  that  x  =;  f{t)  must  be 
a  curve  without  waves,  something  like  fig.  2. 


Fig.  2. 

I 

therefore  —  is  always  negative;  and  since  0  and  T  are  both  positive, 
and  log.  K  is  negative,  being  the  logarithm  of  a  proper  fraction,  it 
follows  that  ^=-—  must  be  always  negative,  and  therefore  can  never 

be  nought.    And  since  neither  of  the  terms  on  the  right  hand  side 

•     d  X 
of  equation  (1)  can  ever  be  infinite  -=-—  can  never  be  infinite. 

a  z 

appearance  of  fig.  2  we  see  that --^  is  always  positive  and  finite 

tv  z 

also.  OKf/— log.  K  )  must  be  always  positive  and  finite,  there- 
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fore 


dt 


a 


can  never  be  nought  nor  infinity;  therefore 


^=/(0  +CKT 

is  the  equation  of  a  regular  curve  without  points  of  contra  reflexia 
and  without  points,  at  which  a?  is  a  maximum  or  minimum,  there- 
fore it  must  be  very  like  the  one  we  have  drawn  through  1,3,  5, 7, 
&c.,  in  fig.  1. 
For  the  same  value  of  ty 

and  ^  =  /(0  +  CKT  =  ^^ 

But  X  ^  fth  the  equation  of  some  regular  curve,  so  also  (as  we 
have  proved)  is  a?  =  ^  i,  therefore  ^  =  >^  <  must  also  be  the  equation 
of  a  regular  curve  through  1,  3,  5,  7,  &c.,  and  consequently  must 
be  something  like  the  one  we  have  drawn  in  fig.  1.  Therefore, 
a  regular  curve  drawn  through  A,  B,  C,  D,  and  the  middle  points 
of  the  differences  of  the  ordinates  must  be  the  curve  x  =f(t)j  and 
therefore  represents  the  true  position  of  equilibrium  of  the  spot  of 
light  at  any  moment. 

Curves  A  B,  A'  B',  C  C\ 
In  fig.  3  time  is  measured  parallel  to  the  line  0  X,  starting 


Fig. 


I 
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from  0,  which  ropreseuts  the  moment  of  closing  tlie  circuit;  galva- 
nometer and  electi'ometer  deflections  are  measured  pai'allel  to  0  T. 
Curves  A  B  represent  tlic  time-fall  of  battery- current  from 
0'001080  farads  per  second,  at  15  seconds  from  the  closing  of  the 
circuit,  represented  on  the  point  A,  to  0000174  farads  at  46 
minutes,  represented  in  the  jioiut  B,  Tiie  current  diu'ing  the  first 
quarter  of  a  minute  seemed  to  be  many  times  greater  tliau  the 
ordinate  at  A,  as  if  the  voltameter  during  that  short  time  had  a 
very  small  resistance  indeed.  This  was  observable  in  all  the  experi- 
ments, the  current  during  the  first  shoi-t  interval  of  time  being 
very  much  greater  than  any  which  we  were  able  to  measure. 

During  the  first  46  minutes  the  electrometer  reading  increased 
from  114'1  to  115  represented  hy  the  ordinates  of  the  line  A'  B'. 
At  the  end  of  46  minutes  the  platinum  plates  were  suddenly  insu- 
lated {except  that  there  was  the  acidulated  water  of  the  voltameter 
between  them),  and  the  time-fall  of  the  electrometer  readings  is 
shown  in  the  curve  B'  C.  At  C  (112  minutes  from  the  beginning 
of  the  experiment)  the  plates  were  connected  through  a  resistance 
of  12,000  ohms,  and  Uie  curve  C  C  shows  the  electrometer  readings 
to  the  end  of  tliia  experiment.  The  onrront  through  the  resistance- 
ooiis  was  not  observed. 

Curves  D  E,  A'  E',  F  G  G'. 
The  battery  current  through  the  voltameter  fell  from  D,  the  first 
observation  which  we  were  ahle  to  make,  to  E,  corresponding  to 
0'000321  farads  per  second,  in  11  minutes  from  the  closing  of  the 
oircuit.  During  these  II  minutes  the  electrometer  reading  in- 
creased from  A'  to  E'.  At  E  or  E'  the  plates  were  insulated,  and 
E'  F  shows  the  fall  of  electrometer  reading.  At  F  (22  minutes 
after  the  commencement  of  the  experiment)  the  plates  were  con- 
nected through  a  resistance  of  12,594  ohms ;  the  consequent  fall  of 
the  electrometer  is  shown  to  G  (3f  minutes  from  F).  At  G  the 
plates  were  again  insulated.  The  time-rise  of  the  electrometer  to  * 
G-',  the  end  of  the  experiment,  is  very  noticeable,  and  is  of  great 
interest.  The  shape  of  this  ciu-vo  G  G'  strikingly  resembles  the 
shape  of  the  cui-ve  of  rise  of  potential  (due  to  soaking  out)  of  a 
telegraph  cable  or  Leyden  jar  that  has  been  kept  cliarged  for  some 
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'time,  then  suddenly  discharged  and  instdated.  More  light  has  been 
thrown  upon  this  resemblance  in  more  recent  experiments  made 
by  us. 

Curves  KH,K'H%r  J. 

The  liquid  in  which  the  platinum  plates  was  immersed  was  now 
a  mixture  of  distilled  and  ordinary  water,  no  acid  being  added,  the 
dimensions,  &c.  of  the  platinum  plates  remaining  as  before.  K 
shows  the  first  galvanometer  reading  about  which  we  have  any 
certainty ;  it  represents  a  current  of  0*000632  farads  per  second  at 
12  seconds  from  closing  the  circuit.  This  reading  was  obtained 
(see  our  method  given  above)  from  the  second,  third,  and  subse- 
quent extensions  of  swing  of  the  needle.  The  first  swing  was  ex- 
tremely great,  so  that  the  fall  of  current  during  the  first  12  seconds 
must  have  been  exceedingly  great.  The  current  falls  to  H  0*000087 
farads  per  second  at  34^  minutes  from  beginning  of  the  experi- 
ment. At  H  the  plates  were  insulated.  K'H'  represents  the  rise 
of  electrometer  readings  during  the  first  34}  minutes.  At  H'  the 
reading  is  almost  exactly  the  same  as  that  of  the  Darnell's  cells  em- 
ployed in  this  experiment  H'l  represents  the  fall  of  electrometer 
readings,  the  plates  being  insulated.  At  I  (52  minutes  from  the 
beginning  of  the  experiment)  the  plates  were  connected  through 
coils,  having  a  resistance  of  10,000  ohms,  and  the  current  was 
measured.  The  time  fall  of  this  current  is  partly  shown  in  the 
curve  rJ.  This  curve  shows  current  on  a  scale  123  times  as  fireat 
as  the  scale  of  the  other  curves  on  the  sheet  AB,  DE,  KH,  but  the 
scale  for  time  remains  unchanged.  The  first  reading  which  we 
were  able  to  determine  with  any  accuracy  was  0 '0001 3  farads  per 
second  at  1 1  seconds  after  connection,  and  the  swings  of  the  needle 
during  these  1 1  seconds  were  exceedingly  great. 

Experiments  having '  been  made  on  polarisation  with  platinum 
plates,  when  the  resistance  external  to  the  voltameter  was  very 
small  compared  with  that  of  the  voltameter  itself  the  platinum 
plates  were  replaced  by  clean  copper  plates,  to  see  in  what  way 
the  results  would  be  affected.  It  was  found  that  while  in  a  par- 
ticular case  the  current  passing  from  one  Meidinger  cell  through  a 
voltameter,  consisting  of  two  platinum  plates  immersed  in  ordinary 
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water^  was  diminished  90  per  cent,  in  nine  minutes ;  the  current 
from  the  same  cell  passing  between  two  clean  copper  plates  at  the 
same  distance  apart  as  the  platinum  plates,  and  immersed  to  the 
same  depth  in  the  water,  was  only  diminished  9  per  cent,  in  30 
minutes,  and  the  copper  plate  attached  to  the  copper  pole  of  the 
battery  was  browned.  With-  two  iron  plates  the  diminution  of 
current  was  also  very  slow.  The  copper  plates  were  then  platinised 
mih  platinum  tetrachloride,  but  the  rate  of  diminution  of  the  cur- 
rent was  not  found  to  be  much  increased ;  this  was  possibly  partly 
due  to  the  tendency  the  platinum  had  to  run  off.  A  copper  and  a 
platinum  plate  were  then  tried,  and  it  was  found  that  when  the 
copper  plate  was  the  anode  (so  that  oxygen  would  have  been  de- 
posited on  the  copper  plate  were  the  water  decomposed)  the  polar- 
isation was  practically  the  same  as  in  the  case  of  two  clean  copper 
plates,  but  when  the  battery  was  reversed,  the  copper  and  platinum 
plates  in  the  voltameter  having  been  previously  thoroughly  cleaned, 
then  the  falling  off  of  the  current  was  (roughly)  about  as  rapid  as  in 
the  case  of  two  platinum  plates.  Next  two  copper  plates  were  em- 
ployed, the  one  quite  clean  the  other  thoroughly  oxidised  by  pre- 
vious electrolysis,  and  it  was  found  that  when  the  clean  copper  plate 
was  used  for  the  cathode,  and  the  oxidised  one  for  the  anode  in  the 
voltameter,  the  polarisation  was  very  rapid,  hence  showing  that  an 
oxidised  copper  plate  acted  nearly  as  well  as  a  platinum  plate  for 
the  anode.  Starting  with  these  results  we  made  a  number  of 
experiments  to  find  out  whether  the  polarisation  between  two  thick 
copper  wires,  one  of  them  oxidised  and  the  other  clean,  lying  near 
one  another  for  about  one  hundred  yards  in  the  College  Moat,  was 
sufficiently  great  to  produce  any  considerable  surface  resistance, 
such  as  would  lead  to  a  new  method  of  submarine  signalling.  For 
such  a  scheme  to  prove  successful  the  polarising  battery  must  have 
a  constant  electromotive  force  about  equal  to  that  of  a  Daniell,  and 
it  must  have  a  very  small  internal  resistance  consequently  ;  for  the 
above  experiments  with  the  long  wires,  Thomson's  tray  cells,  each 
having  plates  of  about  three  square  feet  area,  were  employed,  with 
receiving  instruments  of  very  small  resistance. 

The  results  obtained  were  satisfactory,  but  want  of  time,  and  the 
necessity  for  observations  on  a  larger  scale,  have  compelled  us  to 
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postpone  these  experiments  with  the  long  wires  for  the  present,  and 
in  the  meantime  we  have  beto  making  others,  which  have,  however, 
a  direct  bearing  on  the  preceding. 

Up  to  the  present  time  our  observations  had  btten  confined  to 
plates,  of  which  the  linear  dimensions  were  not  large  compared 
with  their  distance  asunder.  We  now  made  experiments  with  two 
platinum  plates  placed  vertically  in  ordinary  water  parallel  to  one 
another,  and  about  eight  inches  asunder;  the  immersed  area  of  each 
side  of  each  plate  was  about  one  and  a  half  square  feet.  The 
diminution  of  current  was  in  all  the  cases  we  tried  comparatively 
small,  and  we  append  a  list  of  the  batteries  employed,  arranged  in 
order  of  electromotive  force. 


Battery. 


Three  batteries  in  series,  each  of  the  first 
two  being  five  Grove's  cells  joined  paral- 
lel, and  the  third  consisting  of  six  bi- 
chromate of  potash  cells  joined  parallel 

Two  batteries  in  series,  each  consisting  of 
five  Grove's  cells  joined  parallel   .... 

Ten  Grove's  cells  joined  parallel 

Six  old  bichromate  of  potash  cells  joined 
parallel 

One  battery  consisting  of  ten  Grove's 
cells,  and  six  bichromate  of  potash  cells, 
all  joined  parallel 

One  porous  cell  (Daniell) 


Reduction  of  cnrrent. 


3*6  per  cent,  in  36  minutes. 


3*8  per  cent  in  13  minutes. 
11*6  per  cent,  in  34  minutes. 


16  per  cent,  in  1  hour. 


7*3  per  cent,  in  43  minutes. 
Inappreciable. 


With  the  exception  of  the  fourth  battery,  the  six  old  bichromate  of 
potash  cells,  we  find  that  the  amounts  of  the  diminutions  shown 
above  are,  when  calculated  for  equal  times,  roughly  speaking  in 
the  order  of  the  numbers  obtained  by  dividing  the  electromotive 
force  of  the  battery  by  the  battery  resistance. 
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The  cuirent  which  flows  into  a  voltameter  is  employed  first  to 
supply  the  loss  of  polarisation  by  dissipation  (usually  supposed  to 
ho  a  current  through  the  voitameter);  secondly,  to  increase  the 
polarisation.  As  the  polarisation  inci-eases,  a  greater  proportion  of 
the  current  is  employed  in  supplying  loss  than  in  increasing  polarisa* 
tion,  8o  that,  if  on  account  of  the  size  of  the  plates,  their  distance 
asunder,  &c.>  the  rate  of  loss  be  very  great,  there  will  be  scarcely 
any  increase  of  polarisation  or  diminution  of  ciurent 

Now  this  loss  by  dissipation  does  it  occur  between  one  of  the 
plates  and  the  other,  or  between  different  parts  of  the  same  plate, 
or  is  it  due  to  a  combination  of  these  causes  F  The  following  ex- 
periments throw  light  on  tliis  point ;  E  and  O  (fig.  4)  are  bell 


Fig.  4. 


jars  contMHing  hydrogen  and  oxygen  inverted  in  an  extremely 
weak  solution  of  zinc-sulphate,  0  and  D  are  bent  platinum  plates 
connected  with  the  terminals  of  a  galvanometer  G.  A  and  B  are 
large  platinum  plates  partially  immersed  in  the  dilute  zinc-sulphate, 
and  which  could  be  touched  to  D  or  0  ;  A  and  B  had  been  pre- 
viously kept  connected  with  one  another  for  a  long  time  to  biing 
t^em  to  the  same  electric  state. 
The  following  tests  were  made : — 

1.  The  current  produced  by  0  and  D  was 
measured =  +  15 

2.  A  connected  with  D>  and  the  current 
produced  by  C  and  I>  +  A,  measured   .  =  +  80 

3.  B  connected  witli  C  and  the  current  pro- 
duced by  B  +  C  and  D  measured         .  —  +  55 

VOL.  V.  2d 
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=  +  62 


=  -  62 


4.  D  disconnected  l^from  the  galvanometer 
and  the  current  produced  by  C  and  A 
measured 

5.  D  reconnected  with  the  galvanometer, 
but  C  disconnected,  and  the  current  pro- 
duced by  B  and  D,  measured 

The  next  experiments  were  made  to  examine  the  action  of  G  and 
D,  when,  instead  of  being  placed  in  the  hydrogen  and  oxygen, 
they  had  gases  deposited  on  them  electrolytically,  in  which  case 
the  direct  cuiTcnt  from  C  to  D  would  be  much  more  energetic. 

CO',  DD'  (fig.  5),  are  two  platinum  plates  immersed  in  very 
dilute  zinc  sulphate,  and  which  may  be  connected  directly  with  a 
Minotto's  cell,  or  with  a  galvanometer  Gt  and  resistance  coil  of 
10,000  ohms. 


Fig.  5. 

A  and  B  are  two  platinum  plates  which  were  kept  imder  water  in 
a  vacuum  for  some  time  to  partially  remove  any  gas  that  might  be 
condensed  on  them,  and  they  were  placed  at  the  bottom  of  the 
zinc-sulphate  without  exposure  to  the  air.  When  CC  and  DD' 
were  connected  with  the  Minotto's  cell,  DD'  was  the  anode,  CC  the 
cathode.  We  shall  not,  at  present,  speak  of  any  phenomena  of 
charging,  but  only  of  those  that  occurred  after  removal  of  the 
battery  and  connection  with  the  galvanometer  and  resistance  coils. 
The  current  from  D  to  C  was  found  to  be  many  times  increased 
when  A  was  connected  to  D  by  means  of  a  platinum  wire,  or  when 
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connected  with  the  point  K,  and  when  A,  instead  of  being  con- 
nected with  D,  was  connected  with  C',  the  current  was  reversed. 
In  all  cases  the  current  diminished  with  considerable  rapidiiy.  The 
same  phenomena  were  observed  when  the  experiment  was  repeated 
with  B  instead  of  A.  This  set  of  experiments,  therefore,  confirms 
the  results  previously  obtained,  when  the  gases  in  contact  with  the 
plates  were  not  deposited  electrolytically.  Both  A  and  B  were  of 
course  always  disconnected  from  DD'  and  CC  when  these  latter 
plates  were  being  polarised  with  the  Minotto's  cell.  Continued 
repetition  of  the  experiments  made  the  results  less  and  less  marked, 
as  was  to  have  been  expected,  since  A  and  B  were  no  longer  in 
their  primary  neutral  state. 

When  five  Minotto's  cells  in  series  were  employed  instead  of 
one  to  produce  polarisation,  it  was  found  that  the  current  from  D 
to  C  was  diminished  when  A  was  joined  by  a  platinum  wire  to  D, 
or  when  B  was  joined  by  a  platinum  wire  to  C,  and  a  still  further 
diminution  was  produced  if  these  connections  were  made  simul- 
taneously. If,  however,  B  was  connected  by  means  of  a  platinum 
wire  with  R  then  there  was  a  great  increase  of  current.  When  D 
was  disconnected  from  R',  and  a  platinum  wire  connected  with  R 
merely  dips  into  the  liquid,  there  was  a  current  which  was  many 
times  increased  when  this  wire  touched  A  or  B.  Similar  results 
were  obtained  when  the  galvanometer  was  placed  between  D  and 
R',  D  connected  with  the  galvanometer,  A  disconnected  and  the 
platinum  wire  connected  with  R'. 

It  is  possible  that  the  reason  why  some  of  the  results  obtained 
when  CC,  DD'  were  polarised  with  five  cells  apparently  differed 
from  those  obtained  when  one  cell  was  employed  may  have  been 
due  to  the  plates  A  and  B  not  being  in  their  primary  neutral  state, 
since  they  were  not  heated  nor  placed  in  a  vacuum  between  the 
two  series  of  tests  with  one  Minotto's  cell  and  with  five.  It  was 
not,  however,  thought  advisable  to  repeat  the  above  tests,  but 
rather  to  make  more  accurate  ones  with  an  improved  form  of 
apparatas  which  the  above  tests  showed  the  desirability  of  con- 
structing. 

In  the  meantime  experiments  were  carried  out  to  examine  how 
variation  of  external  resistance  and  of  external  electromotive  force 

2d2 
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would  influence  tlie  polarisation  of  platiDum  plates  immerseci  iii 
ordinary  water.  The  plated  were  the  same,  and  at  the  same 
distance  apart,  es  In  the  first  experiments  of  all  described  at  the 
beginning  of  tliis  paper.  Carves  J.  III.  IV.  and  VI.  and  IX. 
(fig.  C)  allow  the  time  increase  of  the  electromotive  force  of 
polarisation  produced  by  a  battery  composed  of  two  old  Minotti's 
cells,  the  external  rf^sistances  in  circuit,  excluding  that  of  the 
voltameter,  being  respectively  10,000,  5,000,  2,000,  1,000  and 
0  ohms;  thus  in  curve  I.  the  electromotive  force  of  polarisation  at 
the  end  of  five  minutes  from  the  starting  of  the  polarising  current 
is  shown  by  the  ordinate  AB,  the  time  being  denoted  by  the  dis- 
tance OA  measured  from  0. 


Fig.  6. 

The  method  of  making  the  experiments  was  simple  :  A  coil  of 
known  resistance,  together  with  a  delicate  reflecting  Thomson's 
galvanometer,  being  inserted  in  the  circuit  with  tlic  batt«ry  and 
voltameter,  the  difference  of  potentials  of  the  platinum  plates  was 
continuously  measured  by  the  deflection  of  a  Thomson's  quadrant 
electrometer,  with  the  electrodes  of  which  they  were  kept  con- 
nected.    Let  V  be  the  difference  of  potentials  of  the  platinum 
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«       - 

plates  at  any  moment,  as  measured  by  the  electrometer,  and  let 
G  be  the  galvanometer  reading  at  the  same  instant ;  let  E  be  the 
constant  electromotive  force  of  the  battery  and  R  all  the  resistance 
external  to  the  voltameter,  being  composed,  of  course,  of  the  resist- 
ance coil  together  with  the  resistances  of  the  battery  and  galvano- 
meter; then 

E  — V 

where  K  is  a  constant  which  can  be  determined  from  any  pair  of 
simultaneous  observations  of  galvanometer  and  electrometer,  the 
constancy  of  the  value  of  K  determined  from  different  pairs  of 
observations  being  in  fact  a  test  of  the  accuracy  of  the  experiments. 
Certain  discrepancies  which  we  observed  in  the  somewhat  different 
values  of  K  thus  obtained  may  undoubtedly  be  accounted  for  by 
the  yielding   of   the   silk   suspension   fibres  in  the   electrometer 
described  by  us  in  a  paper  to  the  Society  of  Telegraph  Engineers.* 
The  appearance  of  the  above  curves  is  not  much,  however,  affected 
by  these  discrepancies,  which  appear  to  have  much  increased  in 
curves  II.  VII.  X.  and  XI.  described  further  on.     K  having  been 
calculated,  we  can  determine  the  value  of  E,    the  electromotive 
force  of  polarisation,  as  follows  : — Let  us  assume  the  resistance  of 
the  voltameter  to  remain  constant,  and  want  of  knowledge  on  the 
subject  of  polarisation  makes  such  an  assumption  necessary  for  the 
present  (in  our  particular  voltameter  direct  tests  with  a  Wheat- 
stone's  balance  showed  the  resistance  to  be  about  900  ohms),  then 
V  and  G  having  the  same  meanings  as  before, 

or  ^  =  V  — 900KG. 

Curves  IV.  and  VI.  each  being  tlie  curve  for  an  external  resistance 
of  2,000  ohms,  are  drawn  as  one  curve  since  the  results  of  two  suc- 
cessive experiments  gave  nearly  identical  results.  Curves  II.  VII. 
X.  XL  are  the  results  of  similar  experiments  made  with  two  new 
porous  cells,  Daniell's,  in  series,  when  the  resistances  external  to  the 

♦  See  page  481. 
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voltameter  were  respectively '5,000,  1,000,  0,500  ohms.  In 
addition  to  the  yielding  of  the  electrometer  suspension  fibres,  caus- 
ing discrepancies  in  the  value  of  K,  it  is  probable  that  the 
assumption  just  made  of  the  constancy  of  the  voltameter  resistance 
may  also  be  another  cause  of  possible  error  in  the  values  of  e.  The 
electromotive  force  of  the  two  Minotto's  cells  previously  used  was 
about  three-quarters  of  that  of  the  two  porous  cells,  Darnell's,  used  for 
curves  II.  VII.  X.  and  XI.  If  P  be  called  the  maximum  electro- 
motive force  of  polarisation  obtainable  with  a  large  battery,  then  P 
is  greater  than  E  in  the  case  of  the  two  Minotto's  cells,  nevertheless 
the  maximum  value  of  e  with  the  Minotto's  cells  is  less  than  E, 
except  perhaps  in  curve  IX.  and  this  is  probably  due  to  what  may 
be  called  the  dissipation  of  polarisation  being  as  great  as  the  Supply 
afforded  by  the  battery  when  the  maximum  is  approached.  The 
curves  show  in  a  very  marked  way  why  the  charging  of  a  volta- 
meter  as  a  condenser  is  so  very  different  from  the  charging  of 
a  glass  condenser,  this  difference  being  due  (first)  to  the  much 
greater  dissipation  in  water  than  in  glass,  and  (secondly)  to  the  re- 
sistance of  the  battery  galvanometer  and  connections  being  com- 
parable with  the  resistance  of  the  voltameter,  which  never  happens 
in  the  case  of  a  glass  condenser,  consequently  curve  IX.  more 
nearly  corresponds  than  any  of  the  others  with  the  •  curves,  showing 
the  production  of  internal  or  opposing  electromotive  force  in  a  glass 
jar,  which  have  been  drawn  by  us  from  experiments  performed  with 
the  flint  glass  jar  of  a  Thomson's  electrometer,  and  which  will 
sliortly  be  published. 

The  greater  approximation  towards  the  right  hand  side  of  the 
figure  6  in  the  case  of  curves  II.  VII.  X.  XI.  than  in  the  case  of 
corresponding  curves  for  the  two  Minotto's  cells,  is  due  probably  to  the 
electromotive  force  of  the  battery  in  the  former  case  being  greater 
than  the  maximum  obtainable  electromotive  force  of  polarisation. 
The  defects  in  the  electrometer  being  more  perceptible,  the  higher 
the  difference  of  potentials  to  be  measured  may  cause  the  relative 
appearance  of  curves  II.  VII.  X.  XI.  to  be  more  disturbed  than 
in  the  case  of  the  other  curves.  We  have  no  doubt,  also,  that  with 
a  very  accurate  electrometer  all  the  curves  would  be  steeper  at  the 
bemnniiii]:. 
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The  following  experiments  are  a  continuation  of  those  previously- 
described,  made  of  the  discharge  between  a  polarised  and  a  neutral 
plate.  0,  H,  S  (fig.  7)  are  three  platinum  plates  immersed 
symmetrically  in  a  large  glass  vessel  containing  distilled  water. 
The  immersed  area  of  each  side  of  each  plate  was  about  60  square 
centimetres  and  the  resistance  between  any  two  of  the  plates  was 
24,000  ohms  in  the  earlier  experiments,  and  30,000  ohms  in  the 
latter  ones  when  the  water  was  hydrogenated.     In  each  of  the  six 


Fig.  7. 


experiments  0  and  H  were  polarised  with  a  new  porous  cell, 
Daniell,  for  six  minutes,  0  being  the  anode,  H  the  cathode,  and  S 
kept  at  potential  nought,  and  having  no  connection  with  tlie  batterv 
circuit  except  in  so  far  as  it  was  in  the  liquid ;  the  battery  circuit 
not  being  connected  with  the  ground,  no  current  passed  through  it 
during  charging.  At  the  end  of  the  six  minutes  the  battery  was 
disconnected  and  two  of  the  plates  were  instantly  connected  through 
the  poles  of  a  Thomson's  delicate  reflecting  galvanometer  with  an 
additional  resistance  of  10,000  ohms  in  circuit  to  observe  the  dis- 
sipation of  polarisation.  Between  each  set  of  experiments  all  three 
plates  were  short-circuited  until  they  would  produce  no  current 
through  the  galvanometer.  Curves  A,  B,  C  (fig.  8)  show  time 
readings  of  the  current  in  three  successive  chargings,  the  liquid 
being  ordinary  water,  time  being  measured  horizontally  along  OX, 
OL  being  equal  to  six  minutes,  and  current  measured  vertically, 
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LA,  measured  along  a  line  through  L  at  right  angles  to  OX,  repre- 
senting a  current  of  14"1  mioroferads  per  second 'flowing  through 
the  voltameter. 

a  sitows  the  discharge  current  between  0  and  H 

*  »  „  »  0    „    S 

e  »  ).  »  S     „  H 

Tlie  water  being  thoroughly  hydrogenated  by  bubbling  hydrogen 

gas  through  it  for  a  considerable  time,  the  experiments. were  re- 


peated ;  D,  E,  F  show  the  three  charging  currents  obtaiiie<l  in  the 
three  successive  cases 
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d  „  „  „  0  and  H 

^  jj  J?  >j  ^    J?     ^ 

In  all  cases  the  points  A,  B,  C,  D,  E,  F,  nearest  0  Y,  or  the  points 
a,  by  Cy  dy  By  fy  neaFcst  L  A,  are  the  first  observations  that  could  be 
obtained  with  accuracy. 

One  of  the  most  striking  features  in  these  curves  is  the  extreme 
smallness  of  the  ordinates  of /,  the  curve  showing  the  discharge 
current  between  S  and  H  in  thoroughly  hydrogenated  water.  It 
therefore  appears  as  if  the  cathode,  even  when  tlie  polarising 
currents  is  only  produced  by  one  Daniell,  behaves  as  if  it  were 
really  coated  with  hydrogen,  and  the  d^^charge  current  between 
a  charged  and  a  neutral  plate  is  due  to  the  re-absorption  of  the 
gas  by  the  water,  the  rapidity  of  which  absorption  we  might 
expect  to  proceed  very  slowly  in  the  ease  of  a  liquid,  saturated 
with  the  same  gas  as  is  condensed  on  the  charged  plate.  Similar 
considerations  explain  the  general  appearance  of  all  the  discharge 
curves. 

Continuous  electrometer  readings  were  also  taken  both  during 
charging  and  discharging.  They  do  not,  however,  supply  any 
information  not  obtainable  from  the  galvanometer  readings,  since 
the  difference  of  potentials  of  the  platinum  plates  during  charging 
was  necessarily  constant  since  the  resistance  external  to  the  volta- 
meter was  extremely  small  in  comparison  with  that  of  the  voltameter 
itself,  and  the  difference  of  potentials  during  discharge  was  so 
small  as  to  render  the  drawing  a  curve  from  the  electrometer  read- 
ings during  discharge  impossible.  This  smallness  of  the  difference 
of  potentials  of  the  platinum  plates  during  discharge  arises  not 
only  from  the  comparative  rapidity  of  dissipation  of  polarisation, 
but  also  from  the  resistance  of  the  voltameter  being  more  than  twice 
the  resistance  external  to  it  during  discharge. 

For  the  purpose  of  carrying  out  these  investigations  in  gas,  freed 
liquid,  (Sr  in  a  liquid  saturated  with  any  special  gas,  the  foUowirg 
apparatus  (fig.  9)  was  constructed.  A  vessel  AB,  14  centimetres 
long  and  4  centimetres  in  diameter,  was  connected  at  the  bottom 
with  a  vertical  glass  tube  BC,  to  which  was  joined  a  long  india- 
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rubber  tube  MC,  connected  with  a  mercury  reservoir  M,  open  to 
the  air,  and  whicli  could  be  lowered  into  a  position  M'  for  pro- 
ducing a  vacuum  in  AB,  as  in  a  Geissler's  vacuum  pump.  AB 
was  closed  with  an  air-tight  cork  AD,  through  which  passed  a  tube 
EF,  which  could  be  tightly  closed  at  the  upper  end.  Through  AD 
passed  also  six  thick  copper  wires,  of  which  four  are  shown  in  the 
drawing  a,  6,  c,  d.  To  the  ends  of  each  pair  were  joined  ite  ends 
of  a  platinum  spiral,  made  of  fine  platinum  wire  one  foot  long,  so 
that  each  of  the  platinum  plates  in  our  last  experiment  was  now 
replaced  by  a  platinum  spiral.  From  E  to  G  the  space  was  filled 
with  distilled  water,  and  from  G  to  M  the  space  GBOM  was  filled 
with  mercury.  When  E  was  closed  and  M  lowered  to  M',  the 
level  of  the  water  fell  to  H,  and  a  good  vacuum  was  produced  in 
EH.  The  platinum  spirals  were  then  made  red-hot  in  the  vacuum, 
by  passing  a  strong  current  from  a  to  i,  c  to  f?,  «  to/,  so  as  to  free 

them  perfectly  from  gas,   which  mere  ex- 

Ji>  posure  in  a  vacuum,  even  for  a  long  time, 

nil     f^^^  will  not  do.     It  is  in  this  particular  that  this 

apparatus  is  an  improvement  on  that  em- 
ployed by  Prof.  Helmholtz  in  his  experiments 
on  polarisation,  the  importance  of  which 
addition  will  be  seen  from  the  results  we 
obtained  and  which  are  now  about  to  be  de- 
scribed. 

A   and   B   (fig.   10)    show   the   charging 

curves    obtained     with    one    Daniell's    cell 

when  the  distilled  water  was  perfectly  freed 

fi'om  air,  and  the  platinum  spirals  keep  some 

days  in  the  vacuum    EH,   but  not   heated. 

Current  is   measured  parallax   to   OY  and 

time  parallel  to  OX,   each  reckoning  from 

l^ig  9  0;   OY  represents  a  current  of  0*0000097 

farads  per  second  passing  through  the  voltameter  and  OX  a  time 

of  eight  minutes. 

a  b  represent  the  curves  of  discharge  when  the  batteiy  is  re- 
moved and  the  plates  or  rather  spirals  short-circuited  through  a 
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Thomson's  deKcate  reflecting  galvanometer  with  a  resistance  coil 
introduced  in  the  circuit,  the  total  resistance  exterior  to  the  galva- 
nometer being  31,000  ohms,  time  being  reckoned  from  0,  the 
instant  of  discharge  along  OA,  the  scales  for  time  and  current 
remaining  as  before. 


Fig.  10. 

C  and  c  are  similarly  obtained  curves  when  the  distilled  water 
was  thoroughly  freed  from  gas  and  the  platinum  spirals  were  in 
addition  made  red  hot ;  D  and  d  when  the  water  and  spirals  were 
thoroughly  aerated. 

E  and  «,  when  the  water  and  platinums  were  thorouglJy  freed 
from  air,  but  thoroughly  saturated  with  hydrogen. 
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LIGHTNING  OONDUOTOBS. 

• 

In  No.  xii.  vol.  iv.  of  tho  Journal  of  the  Society  of  Telegraph 
Engineers,  there  is  a  letter  by  Professor  Clerk  Maxwell  on  the 
interesting  question  of  lightning  conductors.  His  views  are  more 
fully  given  in  a  paper  read  before  the  British  Association,  and 
published  in  Nature^  September  28th,  1876.  He  states  that  it  is 
not  necessary  to  have  any  earth-connection,  or  to  have  a  tall  con- 
ductor with  a  sharp  point,  but  that  a  connected  system  of  wires 
laid  along  the  edges  of  a  building  will  sufficiently  protect  it  from 
the  effects  of  a  lightning  discharge.  It  seems  at  first  sight  that 
the  reasoning  is  correct,  based  as  it  is  on  the  fact  that  when 
electricity  is  at  rest  every  point  inside  a  conductor  containing 
no  electrified  bodies  is  at  the  same  potential  as  the  conductor 
itself,  and  also  that  even  a  cage,  of  which  the  wires  are  widely 
separated  from  one  another,  behaves  like  a  complete  metal  covering 
in  its  screening  action.  But  we  think  no  theory  deduced  from 
static  phenomena  can  be  regarded  as  satisfactory  when  appUed  to 
the  induction  phtenomena  of  a  lightning  discharge.  The  discharge 
of  a  cloud,  whether  to  other  objects  or  to  Professor  Clerk  Maxwell's 
cage,  is  disruptive,  and  must  be  regarded  {see  Clerk  Maxwell's 
"  Electricity,"  art.  231)  as  the  commencement,  passage,  and  end 
of  a  current  of  electricity ;  and  since,  as  is  well  known,  no  con- 
ducting cage  will  screen  a  circuit  from  the  effects  of  current 
induction,  it  is  evident  that  an  instantaneous  current  may  pass 
between  two  points  inside  a  cage  during  a  lightning  discharge  in 
the  neighbourhood.  Looking  at  the  subject  from  a  static  point  of 
view,  we  see  that  with  a  given  electric  distribution  A  outside  a 
cage  C  there  is  always  such  a  distribution  over  C  as  keeps  two 
points,  B  and  D  (supposed  to  have  no  absolute  charges),  at  the 
same  potential.  If  now  there  is  a  charge  in  A,  a  charge  will  be 
produced  in  C,  and  B  and  D  will  be  again  at  the  same  potential. 
But  we  would  ask  if  there  is  any  evidence  to  prove  that  during 
this  charge  the  conditions  outside  and  inside  the  cage  are  such  as 
to  keep  all  points  inside  at  the  same  potential.  Indeed  the  charge 
in  C  is  a  consequence  of  the  alteration  in  A,  producing  a  certain 
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distribution  of  potential  over  all  points  in  space,  and  this  affects 
B  and  D  as  well  as  C,  consequently  a  current  may  take  place  from 
B  to  D  just  as  well  as  from  one  point  of  C  to  another,  an  effect 
which  would  be  very  marked  if  B  and  D  were  joined  by  a  silver 
wire,  and  if  the  material  of  C  were  not  a  good  conductor ;  and 
even  if  C  be  a  moderately  good  conductor  the  current  will  take 
place  from  B  to  D  even  across  a  certain  thickness  of  air  if  the 
almost  instantaneously  produced  difference  of  potentials  be  suffi- 
ciently great. 

The  circumstances  under  which  current  induction  usually  takes 
place,  say  in  a  Euhmkorff  coil,  show  that  the  screening  action  of  a 
cage  is  inconsiderable,  and  certain  experiments  that  we  made  some 
few  months  ago  in  connection  with  an  investigation  of  the  magnetic 
transparency  of  bodies  may  be  mentioned  here  as  illustrative  of 
the  extreme  smallness  of  this  screening  action. 

I.  A  coil  3^  centimetres  in  diameter  and  2^  centimetres  thick, 
of  very  fine  silk-covered  wire  of  185  units  resistance,  wound  on  a 
very  thin  wooden  bobbin,  was  placed  with  its  axis  coinciding  with 
that  of  another  exactly  similar  bobbin  at  a  distance  of  6  millimetres 
asxmder ;  a  current  from  80  Daniell's  cells  was  sent  through  one 
coil  and  suddenly  reversed,  and  the  current  induced  in  the  other 
coil  measured  by  a  very  delicate  reflecting  galvanometer  (constant 
of  galvanometer  one  Daniell's  cell  through  30,000  ohms  with  the 
00*00^  shunt)  gave  a  deflection  of  600  scale  divisions).  The  current 
induced  in  the  second  coil  was  found  not  to  be  altered  by  one-half 
per  cent,  when  a  sheet  of  copper  of  225  square  centimetres  area  and 
one  millimetre  thick  was  introduced  between  the  two  coils  so  as  to 
completely  hide  the  one  from  the  other. 

II.  One  of  these  coils  was  suspended  by  a  fibre  of  unspun  silk, 
with  the  two  ends  of  the  wire  dipping  into  mercury  cups,  placed  one 
under  the  other  in  the  axis  of  rotation  of  the  coil.  A  mirror 
attached  to  this  coil  produced  an  image  on  a  scale  75  centimetres 
distant.  The  first  operation  was  to  render  this  coil  when  traversed 
by  a  strong  current  astatic  as  far  as  the  earth's  magnetism  was  con- 
cerned; this  was  of  course  arranged  by  means  of  a  suitable  adjusting 
magnet.  The  second  coil  was  now  fixed  at  a  distance  of  sixteen 
centimetres  from  the  first,  and  joined  up  in  circuit  with  it.     The 
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deflection  produced  in  the  saspended  coil  by  ihe  statiooaiy  coil  was 
now  accurately  measured,  and  it  was  found  that  there  was  no  appa- 
rent alteration  in  this  deflection,  certainly  not  an  alteration  of  one 
per  cent,  by  the  introduction  of  a  solid  rectangular  block  of  copper 
30  centimetres  long,  15  centimetres  thick,  and  15  centimetres  high, 
between  the  coils,  so  as  to  fill  up  the  entire  air  space  between 
them,  and  so  that  one  coil  was  completely  hidden  from  the  other. 
In  fact  the  frequent  slow  interposition  and  removal  of  the  copper 
block,  which  was  placed  on  a  carriage  with  wooden  wheels  for  this 
purpose,  produced  no  visible  effect  in  the  action  of  one  coil  on  the 
other. 

III.  The  secondary  coils  of  two  induction  arrangements  were 
joined  up  in  circuit  with  a  very  delicate  galvanometer  in  such  a  way 
that  the  induced  currents  balanced  one  another  and  so  that  the 
same  current  traversed  each  primary  coil.  The  one  induction 
arrangement  was  an  ordinary  Euhmkorff's  coil,  the  other  consisted 
of  two  horse-shoe  electro-magnets,  placed  end  to  end ;  the  core  of 
each  of  these  horse-shoe  magnets  was  8  millimetres  in  diameter, 
and  each  leg  of  each  magnet  was  furnished  with  a  bobbin  of  wire 
3  centimetres  in  diameter,  the  length  of  each  bobbin  being  5  cen- 
timetres, and  the  resistance  of  each  electro-magnet  300  oluns. 
Now  it  was  determined  with  this  delicate  differential  arrangement 
that  the  current  induced  in  one  of  these  electro-magnets  by  a  sud- 
den reversal  of  the  current  in  the  other  was  not  altered  by  y^ths 
(005)  per  cent,  when  a  sheet  of  copper,  brass,  or  zinc,  225  square 
centimetres  in  area,  and  one  millimetre  thick,  was  interposed  between 
the  two  electro-magnets  so  as  to  completely  hide  the  one  from  the 
other.  Practically,  therefore,  current  induction  is  not  in  the  least 
diminished  by  the  interposition  of  a  screen  of  copper,  brass,  &c. 
Hence  in  the  case  of  a  building  surrounded  by  a  cage,  but  unpro- 
vided with  an  elevated  point  and  an  earth-plate,  since,  when 
disharges  are  taking  place  into  the  cage  or  in  its  neighbourhood 
these  discharges  are  disruptive,  the  cage  will  have  no  eflfect  in 
preventing  an  induced  disruptive  discharge  inside;  in  fact  the  only 
way  of  rendering  an  internal  disruptive  discharge  impossible  is  by 
preventing  all  disruptive  discharge  either  near  the  house  on  the 
outside  or  through  the  metallic  or  other  conductors  of  the  house. 
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Now  we  wish  to  point  out  that  with  the  common  method  of  protect- 
ing a  building  from  lightning  when  the  point  taps  the  cloud  for  the 
benefit  of  the  building  and  all  bodies  in  its  neighbourhood,  it 
performs  this  operation  slowly,  and  disruptive  discharge  is  impossible 
whether  we  imagine  that  a  cloud  comes  from  a  distance  and 
discharges  itself  at  the  point  or  that  the  point  and  the  earth  are 
subjected  to  a  return  shock.  It  also  performs  efficiently  the  office 
of  the  proposed  cage,  and  is,  therefore,  a  more  efficient  protector. 
It  is  probable,  however,  that,  since  the  point  requires  to  be  sharp 
and  the  earth-plate  in  good  contact  with  the  earth,  any  ordinary 
lightning-rod  will  gain  in  efficiency  by  being  supplemented  by  a 
cage  Jn  metallic  connection  with  it. 

We  have  been  led  to  make  the  above  remarks  by  our  knowledge 
that  although  perhaps  a  metallic  cage  may  be  a  good  protection  to 
a  powder-mill  it  is  not  a  perfect  one,  and  that  even  a  complete 
cage  would  not,  as  Professor  Clerk  Maxwell's  letter  might  lead 
one  to  suppose,  be  absolutely  satisfactx)ry,  also  a  cage  whether 
complete  or  not  is  as  good  a  protector  as  a  well-constructed  light- 
ning-rod. 

Professor  Clerk  Maxwell  remarks  that  with  a  cage  a  house  may 
be  insulated  from  the  ground  by  a  layer  of  asphalte.  But  if  a 
house  be  well  insulated  by  a  very  thick  layer  of  dry  asphalte,  then, 
neglecting  the  inductive  effects  to  which  we  have  referred  in  this 
paper,  and  which  are  not  affected  by  the  absence  or  presence  of 
a  cage,  it  is  quite  immaterial  whether  there  is  a  cage  or  a  light- 
ning-rod, or  any  protector  of  any  kind,  since  such  a  house  is 
from  the  fact  of  its  perfect  insulation  quite  safe  from  damage  by 
lightning. 

W.  E.  Ayrton. 
John  Perry. 

The  Imperial  College  of  Engineering, 
Tokei,  Japan. 
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EXPERIMENT  TO  SHOW  THE  DIRECTION  IN  WHICH 
THE  ELECTRIC  SPARK  TENDS  TO  TRAVEL. 

If  into  the  secondary  circuit  of  a  RuhmkorflTs  induction  coll  we 
introduce  an  extremely  high  resistance,  such  as  that  due  to  an  inch 
of  dry  air,  we  shall  find,  whether  sparks  pass  across  this  interval  of 
resistance  or  not,  that  the  conductors  on  either  side  are  electrified  in 
opposite  directions  by  a  series  of  rapid  pulsations. 

Their  relative  condition  is  therefore  in  many  respects  analagous 
to  that  of  two  conductors  highly  charged  with  electricities  of 
opposite  sign. 

This  can  be  verified  by  charging  a  Leyden  jar  from  either  of 
these  conductors  and  testing  the  nature  of  its  charge  by  an  electro- 
meter or  a  Bohnenberger's  electroscope. 

In  this  experiment  the  opposing  conductors  were  made  to  consist 
of  brass  plates,  each  carrying  a  hemispherical  knob  and  a  conical 
point ;  the  point  on  the  one  being  opposed  to  the  knob  on  the 
other  and  vice  versa.    (See  sketch.) 

The  distance  between  these  plates  is  measured  by  a  scale  and  can 
be  varied  at  wiU. 

Now,  if  the  plates  be  pretty  close  together,  on  sotting  the  machine 
in  action  a  continuous  stream  of  sparks  will  flow  across  between 
both  pair  of  terminals,  that  is,  at  a  6  and  cd;  but  if  the  distance  be 
gradually  increased  it  will  be  found  that  at  a  certain  distance  the 
stream  of  sparks  will  cross  between  only  one  pair  of  terminals,  let 
us  say  a  b.  If  now  the  direction  of  the  current  in  the  primary  coil, 
and  therefore  that  of  the  induced  current  caused  in  the  secondary 
by  its  interruption,  be  reversed,  it  will  be  found  that  the  sparks 
will  pass  only  between  the  terminals  c  d. 

It  is  assumed  that  in  each  of  these  cases  the  electrical  tension 
is  relieved  by  the  passage  of  the  spark  from  the  point  to  the  knob- 
not  from  the  knob  to  the  point — i  e,  from  a  to  6  or  from  d  to  c. 
Now  testing  the  electrification  of  these  plates  by  the  method 
before  referred  to,  it  is  found  that  in  every  case  the  plate  fi'om 
which  the  sparks  pass  is  negatively  electrified  and  vice  versa. 
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From  this  it  is  inferred :     That  if  two  equal  and  similar  con- 
ductors,  insulated  and  placed  in  proximity,  be  electrified  in  opposite 
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directions  to  an  equal  degree,  until  the  tension  on  their  opposing 
surfaces  is  relieved  by  the  passage  of  a  spark,  the  direction  of  the 
spark  will  be  from  the  negative  to  the  positive,  or  more  generally 
the  direction  in  which  the  electric  spark  tends  to  travel,  other 
things  being  equal,  is  from  negative  to  positive. 

E.  Qt.  Scott, 

Capt.  RE. 

Chatham,  1876. 


OBSERVATIONS     ON     A     THUNDERSTORM     WHICH 

PASSED   OVER   PARA   ON  THE  27th  DECEMBER, 

1876. 

By  J.  B.  Slater. 

Dear  Sir, — I  beg  to  send  you  an  account  of  the  following  event 
which,  should  you  think  of  sufficient  interest,  you  will  kindly  cause 
to  be  communicated  to  the  Society. 
VOL.  v.  2  b 
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On  the  evening  of  the  27th  instant  a  very  violent  storm  burst 
over  Para,  in  fact  the  most  violent  I  have  seen  for  several  months, 
although  this  place  is  noted  for  its  rainfall. 

The  ground-floor  of  the  house  is  occupied  by  the  offices  of  the 
Western  and  Brazilian  Telegraph  Company,  and  the  floor  above  by 
myself  and  family.  Upon  the  roof  is  a  square  room,  known  to  us 
as  "  the  Observatory."  Round  the  roof  of  this  room  runs  a  gutter, 
from  one  corner  of  which  is  a  pipe  that  carries  off  the  rainwater  to 
the  roof  of  the  kitchen,  thence  to  and  under  a  skylight,  where 
there  is  a  large  funnel-shaped  receiver,  through  which  the  water 
runs  by  a  6-inch  zinc  pipe  to  a  trough  or  sink  in  the  kitchen,  made 
of  the  very  hard  wood  of  this  country.  The  mouth  of  this  pipe  is 
about  five  inches  from  the  bottom  of  the  sink,  and  under  it  and  in 
the  sink  was  standing  a  large  galvanized  iron  basin  covering 
another  zinc  pipe  leading  to  a  drain  in  the  earth.  When  this  basin 
is  full,  about  two  inches  of  the  pipe  would  be  under  water.  At 
7*20  p.m.  on  the  above-mentioned  evening,  at  which  time  the 
storm  was  about  at  its  height,  I  took  a  small  galvanized  iron  basin 
to  dip  out  some  water  from  the  larger  one  which  was  overflowing, 
but  at  the  moment  I  made  the  dip  the  whole  place  seemed  to  be  in 
a  blaze,  and  three  tremendous  reports  were  heard,  while  the  flashes 
for  the  moment  quite  dazzled  me. 

The  flashes  and  reports  took  place  in  the  sink  close  by  my  hand 
(which  I  think  was  just  in  the  water),  caused,  I  suppose,  as  the 
current  discharged  itself  from  the  upper  pipe  to  the  side  of  the 
larger  basin,  which  by  the  pipe  leading  to  the  drain  above  referred 
to  was  in  connection  with  earth.  Immediately  following  the 
above  phenomena  came  a  tremendous  peal  of  thunder,  and  all 
around  me  was  a  peculiar  vapour  and  strong  sulphurous  smell. 

After  the  storm,  and  when  I  had  recovered  from  the  excitement 
which  had  much  frightened  Mrs.  Slater  and  an  English  servant, 
who  were  standing  by  at  the  time  and  were  witnesses  of  the  event, 
I  found  the  corner  tiles  of  the  room  on  the  roof  cut  clean  off"  by 
the  lightning  in  striking  the  rainwater  pipe,  along  which  it  had  run 
to  the  roof  of  the  kitchen  and  funnel-shaped  receiver  along  the 
pipe,  until  it  reached  the  space  caused  by  my  dipping  with  the 
smaller  into  the  larger  basin. 
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Two  large  holes  were  fused  in  the  latter,  one  very  large  near  the 
top  of  the  side,  where,  in  my  opinion,  the  charge  was  received  from 
the  pipe,  the  other  in  tlie  bottom  exactly  over  the  pipe,  which,  as  I 
stated  before,  leads  from  the  sink  to  the  earth.  The  edge  of  the 
smaller  basin  fiirthest  from  me  is  also  fused,  and  from  the  position 
I  held  it  I  should  judge  this  part  was  in  contact  with  the  fused 
part  in  the  larger  basin  over  the  sink-pipe.  But  that  which  seems 
to  me  to  be  a  mystery,  seeing  that  I  was  neither  in  the  least  hurt, 
nor  felt  anything  at  the  time,  is  the  fact  that  the  marks  of  my 
fingers  where  they  held  the  basin  are  fused  into  it,  the  four  fingers 
outside,  and  the  thumb  inside.  How  can  this  have  happened 
without  my  feeling  anything  ?  I  was  standing  on  very  dry  flooring, 
and  so  may  say  I  was  well  insulated.  This  possibly  was  a  good 
thing  for  me. 

After  leaving  the  sink  following  the  pipe  to  earth  the  current 
seems  to  have  met  with  opposition  at  a  cemented  joint  about  tei 
feet  down,  as  the  pipe  is  there  burst  open ;  also,  at  its  entrance  into 
the  earth,  a  large  stone  which  received  the  pipe  is  broken. 

During  this  same  storm  the  lightning  split  a  large  mango  tree 
not  far  from  this. 

J.  Sivewright,  Esq., 

Secretary  Society  Telegraph  Engineers. 


ON  THE  CORRECTIONS  TO  BE  APPLIED  TO  THE 
APPARENT  RESISTANCE  OF  THE  CONDUCTOR 
AND  INSULATOR  OF  A  TELEGRAPH  LINE  WHEN 
DETERMINED  IN  THE  USUAL  WAY  BY  WHEAT- 
STONE'S  BRIDGE. 

By  C.  HocKiN,  M.A. 

Attention  has  been  frequently  called  to  the  importance  of  pro- 
perly reducing  the  values  of  the  conductivity  and  of  the  insulation 
of  a  submarine  cable,  or  of  a  land  line,  when  the  numerical  results 
obtained  are  influenced  by  earth-currents,  or  when  the  line  is  im- 
perfectly insulated.    A  complete  set  of  formulae  have  not,  however^ 
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I  think  been  printed,  and  may  be  interesting  to  the  readers  of  your 
joui'nal. 

To  eliminate  the  effect  of  earth-currents  two  methods  are  in 
common  use.  The  first  and  simplest  (as  it  requires  no  calculation, 
and  gives  a  correct  result  in  all  cases)  is  that  which  is  known  as 
"  working  to  a  false  zero."  Connections  are  arranged  as  desired, 
and  the  resistances  of  the  different  branches  of  the  circuit  are 
adjusted  to  what  is  thought  to  be  their  correct  values. 


The  battery  is  then  applied,  and  the  deflection  on  the  galvano- 
meter observed.  If  on  reversing  the  battery  no  change  in  the 
deflection  is  produced  the  adjustment  of  the  bridge  is  correct.  If 
otherwise,  the  resistances  are  to  be  altered  until  no  change  in  the 
current  through  the  galvanometer  is  observed  on  reversing  the 
battery.  Should  it  be  midesirable  to  reverse  the  battery  current, 
the  deflection  on  the  galvanometer  is  to  be  unaltered  on  substituting 
for  the  battery  itself  a  circuit  of  the  same  resistance  as  the  battery 
circuit,  but  without  an  electromotive  force. 

When  the  electromotive  force  in  the  circuit,  the  resistance  of 
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which  has  to  be  determined,  is  large,  but  does  not  vary  very  rapidly, 
greater  accuracy  is  obtainable  by  the  second  method.  The  apparent 
resistance  of  the  circuit  is  observed  first  with  the  battery  current  in 
one  direction  and  then  with  the  current  in  the  reverse  direction. 

Let  X  be  the  resistance  of  the  circuit  to  be  measured,  in  which 
there  is  an  electromotive  force ;  a,  6,  o,  the  resistances  of  the  other 
branches  of  the  circuit  taken  in  the  order  indicated  in  the  diagram, 
and  adjusted  so  that  there  is  no  current  through  the  galvanometer 
when  the  battery  is  applied  in  one  direction — on  reversing  the 
battery  one  or  more  of  these  values  have  to  be  altered  to  produce 
a  balance. 

Case  I.— Suppose  that  on  reversing  the  battery  all  three  quanti- 
ties are  altered  so  that  a,  6,  c  become  a',  6',  c'  respectively,  and  let 
B  =  resistance  of  battery  in  this  case, 

_  aa'  {he'  +  he'  +  2cc')  +  B  [aV  {a  +  l)  +  ac  (a  +  h'y\  , 

^'^      hV{a  +  a')  +  acV -\-ac'b  +  B(2bb' +  ab' +  a:b)      '     ' 

This  formula,  as  it  is  quite  general,  includes  every  possible  case. 
It  can,  however,  be  put  into  more  convenient  forms  in  special 
instances. 

Case  11. — Usually  the  resistances  in  two  of  the  adjoining  cir- 
cuits of  the  bridge  are  numerically  expressed  as  whole  powers  of 

ten.     In  this  case  putting  r  =  -7-,  /  =  -yr?  the  values  of  r  and  /, 

the  apparent  resistances  of  the  cable  with  the  two  currents,  can  be 
written  down  without  calculation,  and  the  formula  takes  the  more 
convenient  form 


2rr'  +  r'a  +  m'  -f  B  [/  (l  +  |)  +  r  (l  +  |')  ] 
r  +  /  +  a  +  a'  +  B  (2  +1  +  |,) 


II. 


Again,  it  is  not  often  necessary  to  alter  more  than  one  of  the  resist- 
ances of  the  circuit  on  reversing  the  battery.  The  resistance  to  be 
altered  may  be  either  a,  6,  or  c. 

Considering  these  separately, 

Case  III. — c  only  varying  and  corresponding  (in  the  case  of  a 
cable)  to  connections  in  which  an  insulated  pole  of  the  battery  is 
connected  to  the  junction  of  the  two  "  ratio  coils  "  of  the  bridge. 
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The  most  convenient  form  of  formula  IL  for  this  case  is 


^r-r'f    i  2^(1+1) 


a!=ii(r+r') ^ ^^^  1 )    HL 

2ri-r'+4a]        ^  +  ^' +  ga  +  2B(1  +  |)' 

Case  IV. — a  only  varying,  and  corresponding  to  connections  in 
which  an  insulated  pole  of  the  galvanometer  is  connected  to  the 
junction  between  the  two  ratio  coils.  Formula  II.  takes  the 
form 

_  _2r/ B.c.(r-rT .^ 

r  +  /       (r  +  /)  [  (r  +  /)  (6  +  c)  +  B  (2c  +  r  +  /)  ] 

Case  V. — b  only  varying.  For  this  case  it  is  necessary  to  use 
for  ratio  coils  two  resistances  not  permanently  connected  as  they 
usually  are,  and  is  interesting  as  being  the  only  case  in  which  the 
resistance  of  the  battery  is  not  always  involved. 

Formula  I.  gives  the  most  convenient  result  for  this  case.    From 

it  we  have 

_ac(b  +  b'  +  2c) 

^''2bb'+c{b-^b') 
+  13,  (b-^bVic-a) 

{266'  +  c(6  +  J')}{266'  +  c(6  +  60  +b(6  +  6'+  ^^J)} 

_  'ac{b+  y+  2c)      ^   c.(c-a)(ft-&y 
""  2i6'+c(6  +  6')  [26&'+c(6  +  6')P  ^ 


1+B 


2bb'  +  c{b  +  ¥) 

Here  b  and  b'  are  proportional  to  the  apparent  conducting  powers 
of  the  circuit  with  the  two  currents,  and  it  is  clear  that  the  second 
term  vanishes  if  a  —  c. 

The  connections  are  convenient  in  experimental  work  when  a 
very  high  resistance  lias  to  be  determined. 

Again,  if  the  cable  is  compared  against  a  fixed  resistance,  and 
the  ratio  of  the  resistance  of  the  cable  to  this  resistance  is  measured 
by  a  Varley's  slide,  two  of  the  quantities  a,  6,  c  vary,  but  so  that 
the  sum  of  the  two  remain  constant. 
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Case  VL — Let  a  and  h  vary,  but  so  that 


b  =^  mp^  c  =  I  —  m.p 
6'=  m'py  c'  =  1  —  m'.  p 

corresponding  to  the  more  usual  case  in  which  one  pole  of  the 
.  galvanometer  is  attached  to  the  sliding  contact  on  the  slide  coils. 

Then 

p      m  +  m      a 

Case  VII. — If  on  the  other  hand  the  battery  is  attached  to  the 
sliding  contact  we  must  put 


6  =  m/o,  a=l— mp 
i'=:  m'pj  a'=  l—mp 

Then 

1  —  m  1  — m'(m  +  m'H — -)h — (2  — m  — m') 

.  =  c ^ tL^ _J_  VII. 

mm'  (2  —  m  —  m')  -f  -  (m  +  m'  —  2mm')  +  -  (w  +  m') 

r  r 

This  formula  cannot  be  put  in  a  much  more  convenient  form  for 
calculation.  The  connections  have  the  advantage  that  B  enters 
into  the  expression  divided  by  p,  usually  a  much  larger  quantity 
than  B. 

If  the  battery  resistance  is  inconsiderable  compared  with  all  other 
resistances  through  which  the  current  flows,  B  may  be  neglected, 
and  formula  II.  takes  the  simple  form 

"i'-fo-u'— •-)';:  :':y^V-'.  ■ .  vm. 

Which  applies  to  all  cases,  and  in  practice  is  usually  sufficiently 
accurate. 

To  prevent  any  confusion  as  to  the  meaning  of  the  quantities 
a,  6,  c  in  this  formula,  it  is  sufficient  to  observe  that  in  all  cases  b 
is  the  resistance  coil  of  which  neither  end  is  directly  connected  to 
earth,  and  that  if  one  pole  of  the  battery  is  to  earth  c  is  the  resist- 
ance coil,  one  end  of  which  is  to  earth,  but  if  one  end  of  the  galva- 
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nometer  is  to  earth  then  a  is  the  resistance  coil  with  an  end  to 
earth. 

In  the  formula  just  given  it  is  assumed  that  one  pair  of  observa- 
tions are  taken,  and  that  the  electromotive  force  reniains  constant 
between  the  observations.  In  practice  this  is  not  always  flie  case. 
Here  usually  a  series  of  observations  are  taken  alternately  with  the 
two  currents  and  at  nearly  equal  intervals  of  time. 

To  reduce  such  a  series  the  following  method  is  shorter  than 
that  of  reducing  each  pair  of  observations  separately  and  equally 
accurate. 

Take  an  odd  number  of  observations,  say  n.  Let  o^  6^  c^  —  Oj 
&2  ^2  —  &c.  —  %  h^  c^  be  the  values  o{  ab  c  for  the  first  second,  &c. 
last  observation.  Where  a^b'^  .  ,  .  a^,  the  letters  with  odd  suffixes 
correspond  to  values  obtained  with  one  current,  and  Og  a^  .  .  .  a^J^ 
are  values  obtained  with  the  other  current. 

for  all  the  observations,  call  these  numbers  A^  Ag  .    •  .  .  A,  and 

also  calculate  B,{a,  +  b,)+ a,{b,  + c,y  B  (a,  +  b,)  +  a,{b,  +  cj  ^- 
calling  the  results  Bj  Bg  .  .  .  .  B„ ;  then  the  most  probable  value 

*'*''•'  iB,  +  B2  +  &c.B„_i+iB„ ^ 

Various  plans  will  suggest  themselves  to  any  one  using  this 
method  to  render  the  numerical  work  as  short  as  may  be. 

If  an  ordinary  bridge  is  used  with  coils  in  the  ratio  of  10  :  1, 
100  :  1,  &c.,  and  one  variable  resistance,  it  will  be  most  convenient 
to  make  c  the  variable  resistance,  and  to  keep  a  and  b  constant 
throughout  the  series. 

b 

Then  A^  B^  become ^-j  &c.  and- 


Ci  +  6  +  B  (l+^)  Ci  +  6  +  B(i  +^) 

respectively  four  references  as  to  a  book  of  logarithms  being 
required  to  determine  the  pair  of  values.  If  slide  resistances  are 
used,  the  most  convenient  form  of  the  expression  is  for  Case  VI. 
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^  "  ^iBi  +  B3  +&C.  +  B,.,  +  iB„' 


where  A^  =  1  —  m^  —  (1  —  m^) 


B^      B 

_P - 


a 


and  Bj  =     nii     —     nii 


1  H h  m,— 

B^      B 

p ^a 

1  ^  ^  ^       ^ 

p  ^  a 


X. 


and  for  Case  VII. 


^_  JA,-f-Aa  +  &c,+A,.,-h^A.^ 
^-"^iBi  +  B^  +  Ac  +  B^.i  +  iB, 


Where  Aj  = 


1  —  ?Wl 


knd    Bi  = 


m,  1 — nil  4-  -1  —  m,  +  — 

P  P 


1 c  ^ B 

mil— m,H--l— /n,  +  - 

P  ^      P 


XL 


and  SIX  references  to  the  log.  book  are  required  for  each  pair  of 
values. 

If  the  battery  resistance  is  small,  and  the  values  of  m  or  of  c 
obtained  with  one  current  do  not  diflPer  much  from  each  other,  it 
may  be  sufficient,  the  battery  resistance  being  small,  to  use  the 
mean  value  of  m  and  c  in  the  terms  involving  the  battery 
resistance. 

In  these  formulae  it  is  assumed  that  the  line  to  be  tested  is  abso- 
lutely insulated.  In  the  case  of  submarine  cables  without  a  fault 
this  condition  nearly  holds,  and  for  short  cables  or  for  long  cables 
in  deep  cold  water  it  is  very  nearly  true,  but  for  cables  of  consider- 
able resistance  in  shallow  water  in  the  tropics  the  correction 
required  for  imperfect  insulation  is  considerable,  and  should 
always  be  taken  into  account. 

To  find  this  correction  it  is  only  necessary  to  remark  that  the 
apparent  resistance  determined  by  the  bridge  test  is  really  the  ratio 
of  the  electromotive  force  at  the  near  end  of  the  cable  to  the 
current  entering  the  cable  at  that  end.  The  law  determining  the 
rate  of  diminution  of  the  current  in  the  conductor,  owing  to  the 
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loss  by  leakage  through  the  insulator,  is  well  known.  At  any  point 
distant  x  from  one  end  of  the  cable,  the  potential  is  given  by  the 
expression 

SB_  OB 

and  the  current  at  the  same  time  by 


"jfc\( 


Ae^-B 


k  is  resistance  per  unit  length  of  conductor,  \  a  length  of  cable 
such  that  the  whole  resistance  of  the  conductor  would  equal  the 
whole  resistance  of  the  insulator,  and  A  B  depend  oh  the  con- 
ditions at  the  ends  of  the  cable. 

Let  R  =  apparent  resistance  of  conductor  of  cable  determined 
by  any  of  the  usual  methods,  and  B^  =  apparent  resistance  of  the 
insulator. 

By  determining  A  and  B  first,  so  that  the  potential  vanishes  at 
the  distant  end  of  the  cable,  and  then,  so  that  the  current  vanishes 
at  that  point,  and  equating  the  ratio  of  the  potential  to  the  current 
at  the  near  end  to  R  and  R'  respectively  in  the  two  cases,  we  find 
that  the  true  resistance  of  conductor 

2       ^^.yR'-VR 


and  true  resistance  of  the  insulator 

2^/RW 


XIII. 


In  this  form  the  equations  are  applicable  to  long  land-lines  of 
uniform  leakage,  where  the  insulation  resistance  is  not  large  com- 
pared with  the  resistance  of  the  conductor. 

In  the  case  of  submarine  cables  it  is  sufficient  almost  always  to 
take  an  approximate  expression  as  below. 

Expanding  the  logarithm,  true  resistance  of  conductor 
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true  resistance  of  insulator 

=  K'(l-i|,) XV. 

or  more  nearly  true  resistance  of  conductor 

=  R(n-j|+^(iy+i(jy+&c.)  .  .  .  XVI. 

true  resistance  of  insulator 


In  this  form  the  equations  are  applicable  to  the  case  where  the 
insulation  resistance  is  apparently  only  two  or  more  times  that  of 
the  conductor. 

On  the  other  hand,  if  the  apparent  resistance  of  the  insulator  is 
only  a  little  greater  than  that  of  the  conductor,  an  approximate 

formula  can  be  obtained  in  terms  of  —^ —  which  will  then  be  a 
small  quantity. 

Ttf  —  Tl, 
If  — ^ —  is  a  very  small  fraction,  true  resistance  of  conductor 

=  i  R  {log.  4  +  log.  g^l XVIII. 

true  resistance  of  insulator 
2K 

~  1      A  ^^  R'      XIX. 

log.  4  +  log.  ^—^ 

These  expressions  are  not  so  much  simpler  than  those  first  given 
as  to  make  them  of  much  value,  and  are  only  applicable  when 

— ^, —  is  so  small  a  fraction  that  a  like  proportional  error  in  the 

final  result  is  of  little  consequence.  It  has  been  assumed  in  these 
formulaB  that  the  leakage  is  uniform  over  the  whole  length  of  cable. 
If  this  is  not  the  case,  a  very  considerable  difference  results  in  the 
correction  to  be  applied. 

In  many  cases  of  submarine  cables  a  certain  length  of  cable  is 
at  a  pretty  uniform  temperature,  then  a  length  in  deep  water  at 


428  ORIGINAL  CX)MMUNICATI0N8. 

the  lowest  temperature,  again  a  length  in  shallow  water  at  a  higher 
temperature,  at  the  fiirther  end  of  the  cable. 

In  such  cases  the  values  of  the  resistance  of  the  conductor  and 
insulator,  as  found  from  determinations  made  at  the  two  ends  of  the 
cable,  will  diflfer,  sometimes  by  a  quite  sensible  amount 

Suppose  the  approximate  temperature  of  the  cable  to  be  known 
at  diflferent  depths,  so  that  the  approximate  resistances  of  the  con- 
ductor and  insulator  are  known  also.  Let  rj  r^  r^  be  the  estimated 
resistances  of  the  portions  of  the  conductor  in  shallow  water,  at 
near  end  of  cable  in  deep  water,  and  in  shallow  water  again  at 
the  further  end. 

Also  let  Rj  Rg  R3  be  the  estimated  values  of  the  resistance 
across  the  sheath  of  the  insulator  along  the  same  portions  of  cable, 
and  r  the  total  resistance  of  the  conductor  of  the  cable,  found  in 
the  ordinary  way,  R  of  the  insulator. 

Then  true  resistance  of  conductor 

and  true  resistance  of  insulator 

very  nearly,  assuming  that  the  total  insulation  resistance  of  each 
portion  of  the  line  is  much  higher  than  the  resistance  of  the  con- 
ductor. If  the  resistance  of  the  conductor  thus  corrected  gives  a 
mean  temperature  for  the  cable  equal  to  that  assumed  in  estimating 
r^  7*2,  &c.,  there  is  proof  that  these  values  are  not  far  wrong.  If 
it  does  not  agree  other  values  must  be  tried  until  some  are  found 
that  do  agree.  When  the  values  of  the  temperature  are  found 
pretty  correctly,  the  insulation  resistances  R^  Rg  R3  can  be  more 
nearly  estimated,  and  from  them  the  total  mean  insulation  of  the 
cable  at  any  standard  temperature. 

Formulae  VIII.  and  IX.  are  found  by  expanding  the  exponential 
expressions  analogous  to  those  in  I.  and  II. 

The  approximate  formulae  XI.  XII.  XV.  XVI.  are  sufficiently 
accurate  for  all  cables  insulated  with  gutta-percha  or  india-rubber. 
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On  long  land-lines  the  leakage  is  much  greater,  and  it  may  be 
necessary  to  use  the  exact  expressions. 

Suppose  a  line  of  unifonn  leakage  and  conductivity  has  been 
tested,  and  that  the  apparent  resistance  of  the  conductor  is  r^  and 
of  the  insulator  R,  that  then  a  second  line  is  added,  giving  r^  as 
the  resistance  of  the  conductor  of  the  two  lines  together,  and  R2 
that  of  the  insulators,  and  that  on  a  third  line  being  added  r^  and 
Rg  are  the  values  found  for  these  quantities  for  the  three  lines 
together,  then  the  true  resistance  of  the  conductor  of  either  one 
of  the  three  lines  separately  is  expressed  in  the  form 

i  fi  log  YZir      •     •    •     '         •     XXII. 
and  the  true  resistance  of  the  insidator  of  the  same  line  by 

,      1+z XXIII. 

When,  for  the  first  line  tested. 


XXIV. 


for  the  second  line 


V  (R,_r,)(Ri-r,) 


XXV. 


».^B.,./(^2-n)(Ba->'i") 
"      "^V   (R,_.,)(R,_B, 

for  the  third  line 

^  =  .  /(R^  R»)  {r,  -  r,) 

'*      ^Ri-r,V  (R,-r3)(B,-B8) 

SO  that  by  substituting  in  equations  XXIL  and  XXIII.  the  values 
of  z  and  fju  from  equation  XXIV.  the  true  resistances  of  the  con- 
ductor and  of  the  insulators  of  the  first  section  of  line  are  found. 

By  substituting  in  equations  XXII.  and  XXIII.  the  values  of 
z  and  fi  from  equation  XXV.  the  true  values  of  these  quantities 
for  the  second  section  of  line  are  found,  anil  by  using  in  equations 
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XXI.  and  XXII.  the  values  of  z  and  /a  from  equations  XXVI.,  the 
corresponding  quantities  for  the  third  section  are  found. 

In  all  these  equations  it  is  assumed  that  the  leakage  is  uniform 
over  each  section  of  line,  a  condition  of  course  Only  very  approxi- 
mately attained  in  practice. 

Formulae  I.  to  XXI.  contain,  I  think,  expressions  (in  convenient 
forms  for  numerical  calculation)  for  all  the  corrections  that  are  to 
be  applied  to  tests  for  the  conduction  and  insulation  of  a  telegraph 
line  (supposed  free  from  isolated  faults  in  the  case  of  equations  XL 
to  XXI.) 

With  regard  to  the  effect  of  a  given  uniform  leakage  on  the 
signals  received  at  the  further  end  of  the  line,  in  the  case  of  any 
land-line  in  which  the  electrostatic  capacity  may  be  neglected,  it 
appears  that  if  C  is  the  current  entering  such  a  line,  and  C  the 
current  flowing  out  at  the  further  end  at  the  same  .time — E  being 
the  apparent  insulation  resistance  of  the  line,  and  r  the  apparent 
resistance  of  the  conductor — then 

?=a/^^ ^^^"- 

This  very  simple  expression  gives  the  ratio  in  which  signals  are 
diminished  on  any  line  for  which  the  values  R  and  R'  found  by 
ordinary  tests  are  known. 

For  lines  in  which  the  total  insulation  resistance  is  many  times 
greater  than  the  total  resistance  of  the  conductor,  it  will  be  sufficient 
to  take 

CM  "R 

^  =  l-ij       XXVIIL 

or  more  nearly 

n"  =  1  —  i  g/ ""if  g/ )      ....      XXIX. 

expanding  as  usual 

Clearly  XXVIII  is  accurate  within  1  per  cent,  for  values  of 

R'  R' 

^  not  less  than  5,  and  XXIX.  for  values  of  :p  not  less  than  3. 

The  following  short  table  may  be  interesting  as  giving  a  general 
idea  of  the  amount  of  current  that  is  lost  on  lines  which  give 
certain  test  values. 
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•  Column  A.  contains  the  ratio  of  the  apparent  resistance  of  the 
lino  when  the  distant  end  is  insulated  to  the  apparent  resistance  of 
the  line  when  the  distant  end  is  to  earth. 

Goltunn  B.  contains  the  proportion  of  the  current  entering  the 
line  that  flows  out  at  the  distant  end  when  that  end  is  to  earth. 


A 

B 

A 

B 

A 

B 

1001 

003161 

1-18 

0-3906 

2-60 

0-7845 

1-002 

004427 

1-20 

0-4083 

2-70 

0-7936 

1-003 

0-06469 

1-22 

0-4247 

2-80 

0-8018 

1-004 

0-06312 

1-24 

0-4399 

2-90 

0-80B4 

1-005 

007064 

1-20 

0-4645 

3-00 

0-8166 

1-006 

007723 

1-28 

0-4G77 

320 

0-8292 

1-0O7 

0-083S8 

1-30 

0-4S04 

3-40 

0-8402 

1-008 

0-09909 

1-35 

0-6091 

3-60 

0-8498 

1-009 

009444 

1-40 

0-6346 

3-80 

0-8684 

1-010 

0-09961 

1-45 

0-6671 

100 

08660 

1-016 

01216 

1-50 

0-6774 

4-20 

0-8729 

1-020 

01400   • 

1-56 

0-5957 

4-40 

0-8790 

1026 

0-1 S62 

1-60 

0-GI24 

4-60 

0-8846 

1-030 

0-1707 

1-66 

0-637C 

4-80 

0-8898 

1-036 

0-1839 

1-70 

0-6417 

6-00 

0-8941 

1-040 

0-1961 

1-76 

0-66-17 

6-20 

0-8987 

1-046 

0-2076 

1-80 

0-6667 

5-40 

0-9027 

i-060 

0-2183 

1-85 

0-6778 

5-60 

0-9063 

1060 

0-2379 

1-90 

0-6883 

5-80 

0-9097 

1-070 

0-2668 

1-95 

0-6980 

600 

0-9129 

1080 

0-2722 

2-00 

0-7071 

700- 

0-9268 

1-090 

0-2873 

2-10 

0-7238 

800 

0-9364 

1-100 

0-3016 

2-20 

0-7386 

900 

09128 

1-12 

0-3273 

2-30 

0-7518 

10-00 

0-9487 

114 

0-3504 

240 

0-7638 

11-00 

0-9636 

1-16 

0-3714 

... 

0-7746 
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ON  THE  MAGNITUDE  OF  THE  SIGNALS  RECEIVED 
THROUGH  A  SUBMARINE  CABLE  WITH  VARIOUS 
CONNECTIONS  AT  EACH  END,  AND  THE  BEST  RE- 
SISTANCE FOR  THE  RECORDING  INSTRUMENT. 

By  0.  HocKiN,  M,A. 

Sir  William  Thomson  has  given  the  complete  theory  of  the  laws  of 
the  variation  of  the  cmrent  in  a  submarine  cable  when  no  resistance 
is  in  circuit  at  either  end,  and  a  table  of  the  numerical  value  of  the 
current  producing  a  signal  at  the  distant  end  of  the  cable  under 
these  circumstances  will  be  found  in  a  paper  by  Prof,  Jenkin  on 
submarine  cables.  The  object  of  the  present  paper  is  to  determine 
how  far  these  values  are  altered  when  resistances  and  condensers 
are  in  circuit  at  one  or  both  ends  of  the  cable. 

The  following  is  the  most  symmetrical  solution  I  have  found. 

Assume  the  connections  at  the  ends  of  the  cable  to  be  as  indicated 
in  the  diagram. 


S' 


r 


ri 


□ 


Pig.  1. 


These  connections  will  include  all  cases  occurring  in  practice. 
For  if  resistances  only  are  in  circuit  at  either  end  we  have  only  to 
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make  R  or  R'  =  0,  and  if  condensers  only  are  in  circuit  then  r  or 
/=  0  and  R  or  R'  infiirite,  as  it  may  be.  So  if  both  resistances  and 
condensers  are  in  circuit  R  or  R'  is  infinite  and  r  or  /  finite. 
An  outline  only  is  given  of  the  algebraical  work,  as  it  is  rather  long 
and  not  of  much  interest. 

The  following  notation  is  used  : — 

X  =  distance  of  any  point  on  the  cable  from  receiving  end. 

V  =  potential  at  the  point  a  and  at  the  time  t 

f  =  current  at  the  same  point  and  at  the  same  time  reckoned 
positive  when  flowing  towards  the  receiving  end. 

S  =  capacity  of  condenser  at  receiving  end. 

5^  =  capacity  of  condenser  at  sending  end. 

r  =  resistance  from  condenser  to  earth  at  receiving  end. 

r'  =  resistance  from  condenser  to  earth  at  sending  end. 

R  =  resistance  shunting  condenser  at  receiving  end. 
R'  =  resistance  shunting  condenser  at  sending  end. 
K  =  resistance  per  unit  length  of  conductor  of  cable. 

<r  =  capacity  per  unit  length  of  core  of  cable, 
I  =  length  of  cable  in  same  units. 

Also  put : — 

S  =  al  =  total  capacity  of  cable. 

p  =z  kl  =:  total  resistance  of  cable. 
Srp  =  akP  =  al 

T  =  period  of  ^*  dot "  in  seconds,  or  time  occupied  in  making  a 
single  symbol, 

n  =  >^/  -  where  ir  =  31416. ..  as  usual. 
L  =  Zan,  c  =  €^  where  e  is  base  of  hyperbolic  logarithms, 
2an^sr      ^       ^^  /^    ^  i\      a/  —  9tj2  «   ^  —   ^ 


2anh'r'    fy  ^an  {  r'       A       ,  _  a  ^  ,  X'  —  _  ' 


1. 

(y..  ff  =  ?"-  (^.  +  A  -y'  =  2nh\  S'  =  i  1 
k 

And  assume  a  simple  harmonic  variation  of  potential  at  sending  end 
represented  by» 

Vosin?^*  =  Vosin2n2<. 

T 
VOL.  V.  2  F 
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Then  the  known  equation  of  potential  is 


d^v        2  dv 
da?  dt 


and  A;?  =-3- 3 

do! 


The  conditions  at  the  sending  end  are  found  to  be — 


a'       dH         ff  dv   ^     7'  ^^   .   ^ /I     I    J  ^ 


2an?   dw  dt      an  dx 

and  at  the  receiving  end — 

a_    (Pv__  ^  ^  *!  _  7..  ^^  _  g^  _.  Q        ^ 5, 

2an^  da  dt      andx      2n^  dt 

The  solution  given  by  Fourier  suited  to  the  case  in  question 
is — 
V  =  €««*    ((A  sin  {2nH  +  am)  +  B  cos  (2nH  +  anx)) 

+  e'"''«^  (A'  sin  {2nH  —  anx)  +  B'  cos  {2nH  --anx)    ...     6. 

A  B,  A'  B'  have  to  be  determined  so  as  to  satisfy  equations 
*4  and  5  identically.  Substituting  for  v  in  4  and  5  its  value  from  6, 
and  equating  to  0,  the  coeflScients  of  sin  T  and  cos  T,  A  B  A'  B' 
are   determined.     Then  these  values  substituted  in  the  value  of 

-  —  from  equation  3,  give  the  value  of  the  current  at  the  point  or, 

/C    (XX 

and  if  x  is  made  equal  to  0  the  current  at  the  receiving  end 
called  r. 

Put        e  =  _a  +  /3-S,     /  =  _  a'+ /3'- 8' 

/  =  _a_;3  +  7,    /=-a'-/9'+7(  7 

h=      o  +  y8  +  7,     h'  =      a'+  y9'  +  7', 


8 


Then  we  shall  find 

;tv'2  v/G  sm(2n3«+n).    ». 
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Where 
G  =  (\^  +  /.«)  (V3  +  m'2)  ^+72-2  (V  +  \»   sin  2L)   ^^^ 

4-  2  (W  -  ijufi)  cos  2L  ) 

and  n.  IS  a  complex  function  of  \  /a,  V  /a',  &c.  which  I  do  not  give 
as  it  is  not  required  for  the  purposes  of  this  paper.*  Equations 
9  and  10  are  exact,  and  enable  us  to  find  the  maximum  value  the 
current  reaches  at  the  end  of  a  submarine  cable  under  the  con- 
ditions stated  above. 

In  the  practical  case  some  simplifications  can  be  introduced. 

First.  The  electromotive  force  of  the  battery  does  not  vary 
continuously  like  the  function  sin  T,  but  has  a  given 
constant  value  for  a  certain  time,  and  then  suddenly 
alters  to  nothing,  or  to  an  equal  negative  value. 
Secondly.  The  cable  being  worked  at  the  rate  at  which  long 
cables  are  ordinarily  worked,  the  value  of  c  is  very- 
large,  so  that  the  first  term  in  G  is  much  larger  than 
the  remaining  terms,  and  for  our  purpose  it  will  be  suffi- 
cient to  consider  the  numerical  value  of  this  term  only. 
When  the  second  condition  just  given  holds,  the  first  condition 
increases  the  value  of  the  received  current  in  the  proportion  of 
4  :  IT  nearly,  and  we  have  to  a  sufficient  degree  of  accuracy  in 
practice— 

From  equations  9  and  10,  where 

.  _  -27(a^^)-2S(a  +  ^) .^ 

*"  ry2  +  S2  4_2(a2  +  )8'0+2S(a-i8)-27(a  +  i8)    '         ' 

_  rf  +  ^-2  (g^  +  jQ^) ,. 

/"-   ry2  4.82^2(a2  +  /32)+2S(a-)8)-27(a  +  ^)     '     ^''' 


*  The  general  expression  is— 
^^^=c(AiCos(T-L)H-Aa8in(T-L))-^(BjCos(T+L)+B,sin(TH-L). 


an 
Where 


2A,  =  (x2H-^2^xH-^)(x'2H-^'2H-x'+^0-  5?ax' 
2A,  =  (x'-^H-^*^— x  +  ^)(x'2H-^'2_^/  +  ^/)  _  2xx' 

2B,  ==(-x  +  ^  +  l)(-x'+^'  +  l)-  2xx' 

2B.,  =  (x-i-|t.4-l)(^'H-/^'  +  l)-  2xx' 

2  F  2 
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V  and  fj!  are  the  same  functions  of  a',  /8',  7',  S'  as  \  and  fi  are  of 
a,  ^8, 7,  S,  and  a  and  ^  .  .  .  are  defined  by  equations  (1). 

All  resistances  and  capacities  are  here  expressed  in  absolute 
measure.  It  will  only  be  necessary  to  remember  that  one  ohm  is 
lO'^  in  metre-seconds,  one  microfarad  is  10""*^  in  metre-seconds. 

We  will  now  put  equation  (17)  in  a  convenient  form  for  the  dif- 
ferent cases  occurring  in  practice. 

Cases  I.  and  II. 

No  condensers  used. 

Here  there  is  a  resistance  at  the  sending  end,  viz.  the  resistance 
of  the  battery,  and  at  the  receiving  end  the  resistance  of  the  re- 
cording,  ins^ument. 

We  therefore  put  E=R'=s  =  5'==0  and  r  and  /  finite. 

.•.^=00,8=  oc,  while  ?= —T- . 
It  we  put  —7—  =  p 

^^^"^  ^-"2p2+l-2p'^=2/+l.«2^- 


And  after  reductions 

2  ^/2an  1 \ 

ck        ^f  +  (p  +  1/  ^  Vy  2^(/^^)' 

Could  both  the  resistances  be  neglected  we  should  have 


r  =  v^  v^^a.^    ^  ^    ^^  _^^^^^.^_^^    .   14. 


j,^^W2an ^^ 

ck 

This  is  the  expression  tabulated  in  Professor  Jenkin's  paper,  in 
which  an  arbitrary  unit  of  time  is  adopted,  originally  introduced 
by  Sir  William  Thomson  for  convenience  in  calculating  the  value 
of  the  series  expressing  the  law  followed  by  the  current  arriving 
at  the  distant  end  of  a  cable. 

Cases  III.  and  IV. 

Condenser  at  one  end  only. 

Let  condenser  be  at  receiving  end.     There  will,  as  before,  be 
two  resistances — the  battery  and  the  galvanometer. 
Then  /  r  and  s  are  finite,  E'  =  /  =  Q  and  R  =  oo. 
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If  we  put 

rt    «                2n8k     ,       anr'  ^g, 

p  ^  2  nr  ar^  q  =: ,  p  =.*  — r— lb. 

we  shall  find 

-2g(p-l) 

q^  +  2{p>  +  l)-2q{p+l)l  „ 

u=  ga-2  (;>'  +  !) 

'^      5«  +  2(i>2  +  i)_2j(p+l) 

And  after  a  rather  long  reduction 

P      2v^an  Vg in 

Where  it  is  to  be  noted  that,  if  the  signalling  instrument  is  at  the 
same  end  as  the  condenser, 

r  =  resistance  of  instrument, 

/  =  resistance  of  battery.  Case  III. 

But  if  the  battery  and  condenser  are  at  one  end  and  the  instru- 
ment at  the  other  end  of  the  cable 

/  =  resistance  of  instrument, 

r  =  resistance  of  battery.  Case  IV. 

Case  V. 

Condensers  at  both  ends  of  the  line. 

Let  r  and  /  be  the  resistances  of  the  battery  and  instrument 
respectively. ' 

R  =  R'  =  00  and  r  t'  a  s'  are  finite. 

2n8k 


a 
ina'k 


.     .     • 


19. 


a 

^~y«  +  2  0>«  +  l)-2j(l+p) 

\'  /*'  are  the  same  functions  of  p'  and  5'  that  \  /t  are  oip  and  q,  and 
ultimately  we  shoidd  find 

c*     v/2p«+2p^+l  +  a  +  ?)'^2p'*+2pY  +  l+(l+?'r 
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Equations  14  to  21  give  the  value  of  the  maximmn  current 
received  at  the  end  of  the  line  when  a  simple  harmonic  variation  of 
potential  occurs  at  sending  end. 

If  the  battery  has  a  constant  electromotive  force,  the  size  of  the 
signal  produced  by  contacts  battery ^  earth  battery^  earthy  &c.  is  found 
by  multiplying  these  expressions  by  4 :  tt,  or  1*273  nearly. 

To  illustrate  these  formulae  we  take  a  numerical  example : — 

Consider  a  cable  2,500  knots  in  length  with  a  resistance  of  3  ohms 
per  knot  and  a  capacity  of  0*4  microfarads  per  knot, 


then 


T  7       .  /icaVir       ^  /23-6 


Further,  let  the  rate  of  signalling  be  N  words  per  «ainute, 

then  T  =  ^ ,     and     L  =  2  -88  v/N. 

23N^ 

If  N  =  10,  by  no  means  a  great  speed  for  such  a  cable,  c  or  e^ 
becomes  large,  and  our  approximations  for  T  are  seen  to  be  prac- 
tically sufficient. 

Case  I. 
Let  a  galvanometer  of  3.000  units  be  in  circuit  at  one  end  of  the 
line  and  a  battery  of  75  units  at  the  other,  then  in  equation  14 

anr      anl         ^r       ^  ^^     .^^r       ^  ^ .  , 

p  = =  — r ^'  =  L  -  =  2-88  v/N -  =  364  nearly. 

jc  fci  p  p  -^ 

And  also  1  __    1 

Or  the  resistance  of  the  galvanometer  reduces  the  signals  nearly 
six  times. 

To  find  the  effect  of  the  battery  put  r  =  75  ohms, 

p'^2'88  v'lO  "  =  0-091. 
And  -    -^  =  0*91 

Or  the  resistance  of  the  battery,  which  is  only  1  per  cent,  of  the 
resistance  of  the  cable,  reduces  the  signals  9  per  cent,  and  the  two 
resistances  together  reduce  the  current  about  6  J  times. 

Next,  suppose  the  galvanometer  to  have  a  resistance  of  500  ohms, 
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p  Will  become  0*607  and  —7-0      .^  — ^  =  0*582  nearly.     The  cur- 

rent  is  therefore  reduced  to  nearly  0*6  of  its  maximum  value. 

The  relative  sensitiveness  of  the  two  instruments  is  as  \/3000  : 

\/500  or  as  2*45  :  1,  and  the  size  of  the  signals  received  on  the  two 

instruments  as  245  :  5*9  x  0*582,  or  as  0*713  :  1,  showing  that  other 

things  ieing  the  same  the  galvanometer  of  500  ohms  resistance 

gives  larger  signals  than  one  of  3,000  ohms  in  the  proportion  of 

,  10  :  7  nearly. 

To  determine  the  heat  resistance  for  the  galvanometer  we  must 
make 

or  since  p  varies  as  r 

P 
^ a  maximum, 


a  maximum. 


p2  +  (l+p)2 

or   2t>  +  -  +  2,  a  minimum, 
P 

or  p:=^z:z  0*707. 


So  that 


anr         1  .   /kair       1  ^   /kaP     ir     r     /tt 

^  =  72'  ^'^'•Vi;:f=72=^V  ^F- T=pV  ; 


|oS. 


-rrn  P  /t         1  0-64  p 

Whence.=  ^^-.-^  =  ^ 22 

The  rule  in  words  is  therefore — Fix  on  the  number  of  words  per 
minute  likely  to  be  usually  sent  on  the  line. 

Multiply  the  number  of  words  per  minute  by  the  total  capacity 
of  the  cable  expressed  in  microfarads,  and  the  product  by  the  total 
resistance  of  the  conductor  in  megohms. 

Extract  the  square  root  of  the  triple  product.  The  resistance  of 
the  galvanometer  should  be  0*64  times  the  resistance  of  the  cable 
divided  by  the  square  root  already  found. 

From  this  it  appears  that  for  a  cable  of  given  working  speed 
the  resistance  of  the  galvanometer  should  be  proportional  to  the 
resistance  of  the  conductor ;  thus  the  best  galvanometer  for  a  line 
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with  a  core  400  lbs.  copper  per  knot  has  a  much  lower  resistance 
than  one  best  for  a  core  of  107  lbs.  per  knot,  the  theoretical  speed 
of  the  two  lines  being  the  same. 

Cases  III.  and  IV. 

These  are  cases  more  generally  realised  on  a  long  submarine 
cable  where  earth  currents  necessitate  the  use  of  a  condenser  at  one 
end  of  the  line  at  least 

The  formula  shows  at  once  that  the  current  at  the  distant  end  of 
the  cable  only  approaches  to  the  current  received  when  no  con- 
denser is  in  circuit  as  the  capacity  of  the  condenser  approaches 
injfinity. 

Neglecting  resistances  in  the  first  instance  the  condenser  dimi- 
nishes the  current  in  the  ratio  of 

?  ^  ,rrr,  2n8k  «.  /         TT  7  , 

v/i  +  O  +  j)^  •  1-    wi»«'^°9  =  ^-  =  2V^OT'<«*^ 


rip'^'P 


=  2\/, 

„  ,  /3-14  X  N  X  23 

Takiiifr  the  numerical  case  before  used 


14  X  230 
60  X  7-5     xsxp  =  2-53sp 

first,  if  s  =  100  microfarads,  or  10"^^, 

sp=  10-»  X  7-5  X  1010  =  0-75, 
and  ^  =  1-9  nearly, 

,,   .  ^  /l  +  {g-lf      ,  _  ^  /     1-81  1 

then       ?  V    "  T+'^^  =  1  -9  V  4  ^  13-03  =  yTg^   nearly, 

or  the  signals  are  diminished  1*61  times. 

If  we  suppose  the  condenser  to  have  210  microfarads  capacity,  q 

will  nearly  equal  4,  and  the  ratio  4  \/  ^^  =  4  nearly. 

It  appears  then  that  if  the  resistance  of  the  battery  and  also  of  tlie 
receiving  instrument  is  very  small,  a  capacity  of  210  microfarads 
gives  four-fifths  of  tlio   maximum   current  that  can  be  received 
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through  the  cable  by  any  connections,  and  that  a  capacity  of  100 
microfarads  gives  a  signal  five-eighths  of  the  maximum. 

When  the  signals  are  read  on  a  galvanometer  the  resistance 
cannot  be  neglected,  and  the  important  point  is  to  know  whether  the 
signal  is  largest  if  the  galvanometer  and  condenser  are  at  the  same 
or  at  opposite  ends  of  the  cable. 

Taking  the  same  instance  as  before,  let  2  =  3,000  ohms,  then 

p=2n^8r  =  ~100  x  lO^i^ x  3,000 x  107=06-  =  7-23. 

T  T 

The  expression  for  the  diminution  of  the  received  current  is 

g  L 

x^2p^-i-2pq+ 1  +  (1  +  j)2  -  6-37' 

showing  that  a  resistance  of  3,000  ohms  inserted  at  the  same  end 

1  1 

of  the  cable  as  the  condenser  reduces  the  signals  from^:^  to  "^Toy? 

or  3-95  times. 

Inserted  at  the  other  end  we  have  seen  that  it  would  have  reduced 
the  signals  5'9  times.  Therefore  the  most  sensitive  arrangement  is 
to  send  directly  into  the  coble  and  to  receive  with  a  condenser  in 
circuit. 

To  take  the  second  instance  in  which  the  galvanometer  has  500 
ohms  resistance,  p  becomes  1*2  nearly,  and  the  ratio 


/0-13         1 
=  1-9  V  2:1^=20 


2-15  ~  2-14 


nearly; 


the  resistance  of  the  galvanometer,  500  ohms,  has  therefore  reduced 

the  signals  from  ^pgr  to  oTT^  or  1*33  times.  Inserted  at  the  other  end 

of  the  line  we  have  seen  that  it  would  have  reduced  the  current  1*72 
times.     The  size  of  the  signals  on  the  two  galvanometers  will  be  as 

\/  -^QQ  X  g;o7?  or  about   18  %  larger  on  the  galvanometer  ot 

least  resistance. 

The  best  value  of  r  is  found  by  making 

^/r 


V2fH-2pq+{q+iy+l 


a  maximum. 
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Or,  since  p  is  proportional  to  r, 


Whence  p  =  a/1±^1±1£ 


^=2^.,V^+0  +  2v\/,-J-) 


Or,  if  p  s  and  S  are  expressed  in  ohms  and  microfarads  re- 
spectively, the  resistance  of  the  galvanometer  should  be 

293000      /        /         2-19  s>VN\'        ,  „, 

T^V  1  +  0  +  1000  W7)  ="■•     -^ 

Where  N  =  number  of  words  sent  per  minute, 

/  =  capacity  of  the  condenser  in  microfaradsy 
p  =  total  resistance  of  conductor  of  cable  in  ohms^ 
S'  =  total  capacity  of  cable  in  microfarads, 
/  =  resistance  of  galvanometer  in  ohms, 

suppose,  as  before, 

N  =  10,  /  =  100,  S'  =  1,000,  p  =  7,500. 

r^  =  293  a/i   I   (1   I    ^'^9-750000  x  ^YOX^ 
V    ^  -^  \^^  -^  1000      v/7500000    /• 

=  293  ^/T+J2^^  =  293  x  ^9^  =  900  ohms  nearly. 

As  a  second  instance  let  the  cable  have  the  same  "  working 
speed,"  but  let  the  core  have  a  resistance  of  12  ohms  per  knot 
instead  of  3,  and  let  the  capacity  be  0'3  microfarads  per  knot 

Then,  as  before,  Sy  =  7,500,000,  while  p  becomes  17,320 
nearly, 

and  r'  =  293  •     /~j2-iri7Smo7W^^ 

^     ^  Viooo    v/7560000      ^' 

=  293  v/r+  (1  + 4F8/  =  1600  ohms  nearly. 
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Further,  if  the  galvanometer  had  its  best  resistance,  the  size  of 
the  signals  would  be  proportional  to 


^"2^2  +  2^?+  1  +  (?+  \f 

A  /   ^   T"   V^  T-  H)^ 


'  V'. '..  a/'-^4±^ 


l/2  +  2  (1  +  9)2+  v/2  J  v^l  +  (1  +  qf 

If  the  direct  metliod  of  signalling  had  been  employed,  the 
largest  signals  obtainable  would  have  been  proportional  to 

The  last  expression  is  always  greater  than  the  former,  or  the 
method  of  signalling  with  condensers  is  less  sensitive  than  that  of 
signalling  directly  in  all  cases. 

Case  V.  Here  a  condenser  at  both  ends  of  the  line  is  always  in 
circuit.  This  method  has  some  advantages  over  all  others,  and  it 
will  be  worth  while  to  examine  the  numerical  values  more  closely. 

First,  it  is  evident  that  the  battery  resistance  should  be  as  small 
as  possible  and  should  not  exceed  one  per  cent,  of  the  resistance  of 
any  cable  of  considerable  resistance. 

Secondly,  the  total  capacity  of  condensers  available  should  be 
equally  divided  between  the  two  ends  of  the  cable. 

Then,  if  the  battery  resistance  is  not  larger  than  that  stated 
above,  we  have  size  of  signals  received  on  a  galvanometer  of  re- 
sistance r  proportional  to 

gg^^^^  =  M  sav 

yi  +  (1  +  ,/)2  v/2/  +  2p9  +  1  +  (1  +  9)2  •^' 

Or,  if  9  =  q\ 

M-  g'^^ 

v^l  +  (1  +  qY  v^2/  -f  2pq  +  !  +  (!+  qf. 
As  before  M  is  a  maximum  when 


i^=V 


r\2 


1  +  (1  +  qf 
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and  in  that  case 

q^  1  ^ 

M=    /otV  77;:  X -4/T-  ;.-   \-o  X 


^yinhVi  ^  yi  +  (l  +  jj2^  ^2(l  +  (l+?)»)  +  3V^2V'i+(i+g)3 


_     ^3  1  1 


Using  the  same  notation  as  before, 

a  -  2-19  *-^^ 

and  2nv^5  =  2-19^N^, 

,                       ,,               2•19ps^/«^/N 
and  M  = 7 7-^- tkct^ 


The  minimum  signal  produced  by  a  "  dot "  contact  will  be  equal 
to  that  produced  by  the  battery  acting  directly  through  the  galva- 
nometer,  and  such  an  external  resistance  as  will  make  the  total 
resistance  of  the  circuit  =  Q. 
Where 

Q=  16^,  '       -^  ^{2p«  +  2p<?  +  1  +  (1+  qf}{l  +  (l+qf) 

Or,  if  p  =  y/lUS)!, 

Or,  if  further  ^  ^  ^l"^  ^^'  =  ^, 

Q_   1  Ky/2    anl     a     -       /  7/2 

Id      Tran  V       ^    ^ 

Or,  adopting  the  same  notation  as  before  for  ohms  and  microfarads, 

Q  ^  B'6''>y^2  +  ^  in  ohms. 
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2-19      s'pVNY 


Where         z=        /    -  — V^  a'^Vp'.N       °^*^^y' 


1000000  S' 


^'  ~  1000  '^^^'^'  ^^^'^ ' 

« 

E'  =  25-6^^  nearly. 

logio  Q  =  logio  E'  +  0-4343  L  +  2  log  ^'  +  i  log  (2  +  ~\. 

The  deflection  produced  by  the  battery  to  be  used  in  signalling 
through  the  resistance  Q  will  be  the  size  of  the  smallest  signal 
produced  when  working  at  the  rate  of  N  words  per  minute. 

We  will  take  ten  cases  using  round  numbers  not  diifering  much 
from  the  figures  occurring  in  the  case  of  some  existing  cables. 

Length  in        Capacity  per  knot     Resistance  per    a^edTn'^o^ 

knots.  m  microfarads.        knot  in  ohms.         ™;^;"rL 

per  minnte. 

2500  0-40  3-0  12-0 

1800  0-40  3-0  25-0 

2000  0-36  4-0  20-0 

1800     .  0-34  6-5  15-0 

1500  0-35  10-0  14-0 

900  0-30  10-0  30-0 

850  0-30  12-0  15-0 

1800  0-30  10-0  10-0 

1600  0-30  11-6  12-0 

925  0-30  8-2  30-0 

and  suppose  that  100  microfarads  are  used  in  all  cases  at  each  end 
of  the  cable,  and  the  galvanometer  of  best  resistance. 

Then  for  these  cases  we  shall  have  the  best  resistance  of  the 
galvanometer  =  r'  and  the  constant  of  the  instrument  =  Q'  where 
Q'  and  /  are  as  follows : — 
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Example.    Valae  of  r'  in  ohms.        Value  of  Q'  in  ohms. 


I. 

790 

520,000 

II. 

483 

1,000,000 

III. 

640 

10,000,000 

IV. 

942 

340,000 

V. 

626 

460,000 

VI. 

780 

400,000 

VII. 

1245 

69,000 

VIII. 

1465 

290,000 

IX. 

1418 

490,000 

X. 

717 

340,000 

This  table  gives  the  approximate  value  of  the  "  constant "  of  the 
galvanometer  used  for  signalling  on  the  diflferent  lines  considered, 
the  deflection  produced  by  the  smallest  signal  (like  the  last  dot  of 
the  "figure  5)  being  taken  as  the  unit  deflection,  and  also  the 
best  value  for  the  resistance  of  the  galvanometer.  It  will  be  seen 
that  the  resistance  of  the  galvanometer  is  generally  less  than  tiiat 
usually  employed. 

On  a  ginen  cable  the  resistance  of  the  galvanometer  should  be 
less,  as  the  working  speed  is  greater.  It  will  therefore  be  best  to 
adjust  the  resistance  of  the  galvanometer  for  the  average  speed  of 
working  rather  than  for  the  maximum  speed,  and  to  have  the 
galvanometer  coil  divided  into  two  or  three  parts,  with  separate 
terminals. 

The  preceding  formula  enables  us  to  estimate  the  size  of  the 
minimum  signal  whatever  connections  are  used  and  whatever 
resistances  are  in  circuit  at  either  end  of  the  line. 

It  is  also  clear  from  these  figures  that  every  care  should  be  taken 
in  the  manufacture  of  "  speaking  "  galvanometers ;  the  magnets 
made  of  carefully  selected  steel,  the  mirror  as  light  as  possible,  and 
the  galvanometer  coil  of  the  proper  form. 

Hitherto  the  size  only  of  the  signals  has  been  considered.  The 
general  formula  9  gives  an  expression  by  which  the  shape  of  the 
signal,  produced  by  suddenly  raising  the  potential  at  A,  or  putting 
on  the  battery,  can  be  calculated.  If  we  write  that  equation  in  tlie 
form  7=y(T),  tlien  for  a  sudden  finite  increase  of  potential  wc 
shall  have 


MAGNITUDE  OF  SIGNALS,  ETC.  447 


IT 


4  7=/(T)  +  i/(3T)+i/(5T)+&c. 

and  by  making  t  large  compared  with  kcP  the  approximation  may 
be  carried  so  far  as  desired,  but  the  series  converges  very  slowly 

when  T— «  is  greater  than  unity,  and  the  process  would  be  very 

tedious.  I  do  not  know  how  to  put  the  solution  in  a  convenient 
form  for  numerical  calculation. 

However,  in  one  very  important  case,  an  approximation  can  be 
obtained  as  follows : — If  condensers  are  employed  both  for  sending 
and  for  receiving  and  of  capacity  small  compared  with  that  of  the 
cable,  it  is  clear  that  the  current  will  not  be  very  much  altered  by 
a  small  internal  resistance  in  the  condenser.  In  fact,  instead  of  a 
condenser  we  may  suppose  a  short  length  of  cable  to  be  used  for 
sending  and  receiving.  This  case  solved  leads  to  a  series  converg- 
ing rapidly. 

Imagine  a  cable  of  infinite  length  extending  in  both  directions 
from  its  centre  0,  divide  it  into  lengths  0  A,  A  B,  B  C,  C  D,  Ac, 
in  one  direction,  and  into  equal  divisions  0  A',  A'B',  B'C  in  the 
opposite  direction,  and  let 

AA'  =  EC  =  DE  =  &c.  =  B'C  =  D'E'  =  &c.; 

and  let 

AB  =  CD  =  EF  =  &c.  =  A'B'  =  CD'  =  &c. 

Let  2  X  be  the  length  of  each  of  the  first  series  of  segments,  and 
2  I  that  of  the  second  series. 


^     ^  ?'    4  4     i? £_£ 


'^Eig,2. 


Let  the  first  series  of  sections  be   charged    to  the  potential 

V  J r-  and  the  second  to  the  potential  -^  V  ,-  ,-\-  • 

There  will  be  as  much  positive  electricity  as  negative  electricity 
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in  the  cable,  and  fi'om  the  symmetry  it  is  evident  that  no  current 

will  flow  across  the  middle  points  of  either  of  the  segments,  and 

the  distribution  of  electricity  and  current  from  the  middle  point  of 

any  segment  to  the  middle  point  of  the  adjoining  segment  will  be 

the  same  as  if  this  portion  were  detached  from  the  cable,  the  ends 

insulated,  and  the  portion  of  the  cable  charged  as  first  described, 

I 
viz.,  a  length  S  to  potential  V  f-r-^  and  the  remainder  to  potential 

L  "f"  \ 

V     ^ 

The  current  will  moreover  be  the  same  as  if  the  outside  of  the 
cable  for  a  length  \  were  lowered  to  potential— -V,  and  the  remain- 
ing length  unaltered  initially. 

This  is  Thomson's  method  of  electrical  images.  Applying 
Poisson's  expression  for  discontinuous  functions,  the  original  dis- 
tribution of  potential  in  the  infinite  cable  is  represented  by 

V  =  — f    f   <f>  (i?)  cos  w  (i?— ^)  dv  dw 1 

TT    —.00     —00 

and  the  distribution  of  potential  at  time  t  by 

■<        00       00  a 

V  =  — J     J     0  (v) .  COS  w  (i?— ^)  ,€.    dv  dw  .     .     .     .2. 

TT      00        go 

Where  ^  {v)  is  to  be  made  equal  to  V  j-tTx  ^^^^  ^  1^®^  between 


±  {2nl+  2n  +  1\)  and  +  (2  n  Z  +  27i—  l\)andto  —  ^  J^^ 


when  V  lies  between  ±{2nl  +  2n  —  l\)  and  ±  2n  —  I  I  -{-  2n  —  l\) 
for  all  integral  values  of  n,  o  to  oc. 

Integrating  equation  2  with  regard  to  w  we  find 

/a      p"^  ~~^ 


—  00 


= V.-,  c;  hf  I- f I- f:)iU- (/;.-/;) 


i  +  \\ 


1 

edv     J 
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Where 

Oi  =  2nZ+  (2n+  1)\  )8i  =  2nl  +  (2w-l)X 

03=  -.2wZ-(2w-l)\  )83=  -2fiZ-(2w4-l)X 

a^  =  2 n Z  +  (2w  -  1)X  /S^  =  2(w- 1)  Z  +  (2  w-l)\| 

agza  -•2{n'-  l)Z-(2w-l)X      ^85  =  -2iiZ-  (2n— 1)X 

the   result  can  be  readily  expressed  in  terms  of   Euler's   first 
integral,  but  is  not  of  much  interest. 

For  the  current  at  any  point  of  the  cable,  if  we  write 

v  =  2  (A  +  B  +  &c.)  X  V^y/^^, 
then  -'^7  =  1  =  2  (|^  +  g+&c.)xVy^^^. 

e^  A  js     y^«  — ^  — - — — .  a 

When*"^ —  is  of  the  form  ^— y    e  .  dv 

O  OS  ox  n 

—  — 3 a  —  — 7- —  •  **• 

=  €  4<  ».  g         4« 

=  "^  ()8  —  a?)  —  i/r  (a  —  0?) 
suppose ;  then 

where  a  ^  have  the  values  already  given. 

If  we  suppose  that  the  capacity  of  the  sending  and  receiving 
condensers  is  the  same  we  must  put  a?  =  X  for  the  current  at  the 
sending  end  of  the  cable,  and  ^  =  Z  for  the  current  at  the  receiving 
end  of  the  cable. 

Substituting  these  values,  collecting  the  terms  and  remembering 
that  yjr  (u)  =  -^  (—  w)  for  all  values  of  w,  we  have  ultimately  for 
sending  end,  or  current  entering  the  cable, 


^  =  V^y^^Jl-2^Jt(2nZ  +  2(n-l)\)+t(2(n-:l)j  ^^ 

Z  +  2n\)  —  2i/r  (2  wZ  +  2n\)) 

VOL.  V.  2  a 
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those  of  the  traced  curve  on  any  abscissa  are  the  ordinates  of  the 
signal.  The  curve  corresponding  to  these  ordinates  having  been 
drawn,  the  effect  of  a  second  signal  is  found  by  superposing  the 
curve  for  the  second  signal  or  that  of  die  first.  In  this  way  the  curves 
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Fig  5  ,  Curve  TB. 
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n.  (fig.  4)  and  III.  (fig.  5)  have  been  drawn.  Curve  II.  gives  the 
form  of  the  recorder  signals  for  the  signs  "  understand,"  A  B  0  D 
at  the  rate  of  fifteen  words  per  minute  through  2,500  knots  of 
cable  of  resistance  3  ohms  and  capacity  0*4  microfarads  per  knot 
The  curve  of  current  for  the  case  of  direct  signalling  without 
condensers  is  also  drawn.  Curve  III.  gives  the  same  for  a  speed 
of  ten  words  per  minute  through  the  same  cable.  The  first  speed 
is  perhaps  as  high  as  has  ever  been  reached  in  practice.    The 


Curve  V 
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second  speed   will  be  found  to  be   nearly  the   speed  employed 
gejierally  on  long  cables ;  it  corresponds  approximately  to — 
9  words  per  minute  on  the  French  Atlantic  cable, 
15         ,,  „  „      1865  cable, 

10         yy  y,  yy      Lidlan  caUos, 

9         ,,  ,,  „      China  cable. 

The  theoretical  curves  are  very  similar  to  some  recorder  slips 
that  I  have  seen  from  the  Suez,  Aden,  and  other  cables. 

Curves  IV.  V.  VI.  VII.  (fig.  6)  show  the  alteration  in  the  shape 
of  the  signal  caused  by  a  shorter  or  longer  battery  contact,  the 
speed  being  the  same  as  in  curve  III.  In  IV.  the  battery  contact  is 
00193  aPy  the  earth  00155  aP ;  in  V.  battery  is  0*0174,  and  earth 
0*0174 ;  in  VI.  the  battery  contact  is  0*0155  aPy  and  the  earth 
0-0193  aP;  in  VII.  the  battery  contact  is  0-0166  aPy  the  earth 
0-0232  aP. 

It  must  be  remembered  that  these  curves  are  the  limiting  curves 
as  the  sending  condenser  is  diminished.  The  form  of  the  signals 
on  a  recorder  paper  will  differ  somewhat,  both  on  account  of  the 
larger  condenser  used  and  the  viscosity  of  the  instrument  itself. 

Returning  to  the  equation  giving  the  approximate  law  of  the 
entering  current.  It  gives  the  current  entering  as  infinite  at  the 
first  instant,  because  the  resistance  of  the  battery  has  been  neg- 
lected, but  the  total  quantity  of  electricity  that  has  entered  is  given 
as  finite  as  it  should  be.  To  find  the  total  quantity  of  electricity 
that  has  entered  the  cable  in  time  t  we  have  only  to  integrate  the 
equation,  and  we  find  the  quantity  (Q)  given  by  the  equation 


ax^ 


o  ' 

where   z   is   written    for  ^     \/  -- 

\     V    a 

The  value  of  the  unintegrated  expression  is  given  in  the  tables 
accompanying  the  article  on  the  Theory  of  Probabilities  in  the 
Encyclopaedia  Metropolitana,  and  is  too  well  known  to  require 
consideration  here. 

The  following  table  gives  (P)  the  proportion  of  the  whole  charge 


magnitude:  of  signals,  ibtc. 
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entering  the  cable  that  has  entered  at  the  time  t  from  the  com- 

t 
mencement  of  the  signal,     t  is  equal  to  - --g 


Value  of 

Value  of 
P 

Value  of 

T 

Value  of 
P 

Value  of 

Value  of 
P 

Value  of 

Value  of 
P 

Value  of 

r 

Value  of 
P 

0*000001 

•000564 

0*143 

006743 

1-818 

0-2409 

25-00 

-6649 

1429 

•9652 

0*000002 

000798 

01667 

0*07285 

2-000 

0-2534 

33-33 

7063 

1667 

-9675 

0*00001 

•001784 

0-2000 

0-07979 

2^500 

0-2816 

50-00 

*7656 

2000 

•9708 

000002 

■002525 

0-2500 

0-08921 

2-857 

0*3006 

100- 

•8244 

2500 

•9633 

00001 

•005642 

0*3333 

01030 

8*333 

0-3288 

lll-l 

•8382 

8333' 

•976S 

0*0004 

•01128 

0-5000 

0*1262 

4000 

0*3520 

125 

•8424 

5000 

•9867 

0001 

•01784 

1000 

0*1785 

5-000 

0*3904 

142-9 

8525 

10000 

•9863 

0002 

•05642 

1-0526 

01830 

.6-666 

0-4411 

166-t 

-86-25 

0-025 

•02821 

1*1111 

01881 

7-69 

0-4661 

200 

*8749 

0*04 

•03568 

1176 

01935 

9*091 

0-4952 

250 

*8871 

0*05 

•03989 

1*250 

01995 

10-00 

0-5139 

333 

•9028 

0*0667 

*04606 

1*333 

0-2060 

11-111 

0-5332 

500 

•9205 

0*1 

•05642 

r429 

0-2134 

12-5 

0-5532 

1000 

•9437 

0*1111 

« 

05947 

^538 

0-2212 

14-29 

0-5758 

nil 

•9608 

• 

0*125 

*06308 

1*667 
1*818 

0*2302 

16-67 
20-00 

0-6015 
0-6312 

1250 

9629 

The  curve  corresponding  to  these  numbers  is  shown  in  figure  1, 
where  1 7  is  a  portion  of  the  curve,  the  scale  of  time  being  such 
that  the  distance  between  each  of  the  thicker  vertical  divisions 
represents  the  interval  T  or  total  resistance  x  tot^  capacity  of  a 
length  of  cable,  such  that  its  capacity  would  equal  the  capacity  of 
the  sending  condenser,  and  I W  is  the  same  curve,  the  scale  for 
time  being  one-tenth  of  that  just  given. 

The  form  of  the  curve  is  peculiar,  it  rises  very  rapidly  for  small 
values  of  t  and  very  slowly  for  larger  values. 

This  curve  is  interesting  in  the  theory  of  duplex  telegraphy. 

T  U,  fig.  1,  is  a  ctlrve  calculated  from  equation  (9);  it  shows  the 
rate  at  which  the  current  from  the  condenser  enters  the  cable.  The 
scale  of  time  is  one  quarter  that  given  above  for  curve  I  W,  so 
that  each' of  the  thicker  vertical  divisions  are  supposed  separated 

by  an  interval  f  t. 

V 

The  ordinates  are  proportional  to  4  y/ir   x  — ^r  or  4  \/  tt  x  ihe 

IC  A» 
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current  that  the  battery  would  maintain  through  a  resistance  equal 
to  the  resistance  of  a  portion  of  the  cable  of  which  the  capa- 
city would  equal  the  capacity  of  the  sending  condenser. 

The  following  table  gives  the  value  of  the  current  entering  the 
cable  at  various  intervals  of  time. 

Table  of  Value  of  current  entering  cable  from  small 

signalling  condenser. 


Value  of 

Value  of 

Value  of 

Value  of 

r 

y 

r 

y 

001 

2821 

0-90 

0-1995 

002 

1-996 

1-00 

01783 

•03 

L-629 

1-1 

0-1606 

•04 

1-410 

1-2 

0-1456 

•05 

1-262 

1-3 

0-1328 

•06 

1162 

14 

0-1217 

•07 

1-066 

1-5 

01121 

•08 

0-9973 

16 

0-1036 

•09 

0-9403 

17 

0-0962 

0^10 

0-8921 

1-8 

0-0896 

012 

0-8141 

1-9 

0-0837 

0^14 

0-7533 

2^0 

00785 

016 

0-7035 

2-2 

0-06921 

0-18 

0-6623 

2-4 

006205  , 

0-20 

0-6265 

"2.(0 

0-05578 

0-22 

0-5964 

2-8 

005063 

0-24 

0-5669 

30 

0-04617 

0-26 

0-5414 

3-2 

004232 

0-28 

0-5181 

3-4 

003900 

0-30 

0-4967 

3-6 

003606 

0-36 

0-4494 

3-8 

003348 

0-40 

0-4095 

4-0 

0-03120 

0-45 

0-3749 

50 

002287 

0-60 

0-3449 

6-0 

0-01768 

0-55 

0-3186 

7-0 

001419 

0-60 

0-2954 

8-0 

0-01171 

0-66 

0-2748 

9-0 

0-00989 

0-70 

0-2564 

10-0 

0-00849 

0^76 

0-2396 

0-80 

0-2250 

0-86 

0-2111     ' 

The  accompanying 
table  gives  the  valne 
of  y  for  yarioas  yalues 
of    r   or    ax*.     The 
unit  of  current  is  the 
current  that  the  bat- 
tery   could    maintain 
through   a  length   of 
cable  the  capacity  of 
which  would  equal  the 
capacity  of  the  send- 
ing condenser,  which 
is    supposed    a   very 
small  fraction  of  the 
total  capacity  of  the 
cable. 
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The  corresponding  current  curve,  when  no  condensers  are  in 
circuit  but  the  cable  is  to  earth  at  both  ends,  I  have  not  drawn.  Its 
equation  is  well-known.  Adopting  the  same  notation  as  before, 
we  have 


1        kcP        i*^^ 


12. 


Or,  writing  «  =  0,  for  the  sending  end  of  tlie  cable, 


=  Xfl+22'"'     >0 13. 

lk\  i=:oo  ^ 


for  the  current  entering  the  cable. 

In  Sir  William  Thomson's  notation,  where 


6 


kcP       is  written  10    io«* 


so  that  a  =  — g-'log    10^^, 

The  equation  takes  the  form — 

V/  — -i-     *  —  1  '_  _^  i  \ 

7  =  ^(  1  +  2.(10    10  •  «  +10    10  «  +  10    10  «  +  &c.))      14. 

And  the  series  is  very  readily  calculated  for   integral   values 

of*. 
a 

I  am  not  aware  that  it  has  been  remarked  that  each  term  of  this 
series  is  positive,  and  therefore  that  the  entering  current  can  be 
represented  as  closely  as  we  please  by  condensers  and  resistances. 
Let  an  arrangement  be  made  as  indicated  on  the  following  page. 

The  current  entering  a  condenser  of  capacity  s  through  a  resistance 

V    -^ 

r  is  at  the  time  <  =  —  e    «'*  • 

r- 

Compare  this  with  the  ith  term  in  the  value  of  7  equation  (13), 

^^       V      2V    1       r^TT^  ,  ,,  2cl 

then  —7  =  -77-,  —  =  -. — ^ ,  or  r  =  -^  t A;,  5  =  -^5— 2- 

If  therefore  an   arrangement  similar  to  that  drawn   above  is 
adopted,  and  the  resistance  in  the  branch  A  B  is  very  small,  and  if 
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the  resistance  in  the  circuit  A  B  D  is  the  resistance  of  a  cable,  each 
of  the  resistances  r*!,  r-g,  r^  are  half  the  resistance  of  the  cable,  and 


the  capacities  of  the  condensers  are  respectively  the  capacity  of  the 


TT^      .TT^     ^71^ 


cable  divided  by  -x-,  4-^,  9-^  &c,  then  the  current  in  A  B  is  at  each 

instant  equal  to  the  current  entering  a  cable. 

This  suggests  the  best  arrangement  for  duplexing  a  short  cable 
or  land-line  worked  without  condensers. 

Two,  three,  or  more  condensers  in  multiple  arc,  the  resistances 
leading  to  them  the  same  for  all,  and  their  capacities  diminishing  in 
the  proportion  of  the  reciprocals  of  the  squares  of  the  odd  numbers. 
The  total  capacity  in  an  infinite  number  of  condensers  would  be 

or  one-third  the  capacity  of  the  cable. 

In  practice  the  resistance  of  A  B,  the  receiving  instrument,  will 
be  considerable,  and  this  will  alter  the  law  somewhat,  but  the 
direction  to  commence  in  getting  a  balance  is  that  stated,  a  few 
condensers  in  multiple  arc,  not  in  series. 

If  condensers  are  employed  at  both  ends,  we  have  seen  that  the 
form  of  the  expression  is  totally  different,  and  it  would  be  necessary 
to  calculate  the  proper  values  of  Cj,  Cg,  &c.,  so  that  the  total 
quantity  that  had  entered  the  cable  at  various  intervals  (the  in- 
tervals must  be  a  small  proportion  of  the  time  of  vibration  of  the 
receiving  instrument  needle)  should  equal  that  given  by  curve 
I W  at  the  same  instant. 
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The  various  causes  of  disturbance  above-mentioned,  and  the  fact 
that  the  curve  is  only  approximate  when  the  condenser  is  small 
compared  to  the  total  capacity  of  the  cable,  would  alter  the  values  of 
C  and  r,  so  that  in  practice  it  would  be  necessary  to  find  by  trial 
the  best  arrangement  starting  with  the  theoretical  arrangement  as 
the  basis.  The  artificial  cable  of  Muirhead  and  Taylor  is  better  in 
practice  than  a  series  of  condensers,  as  it .  is  theoretically  perfect 
whatever  connections  are  used  for  signalling. 

We  may  note  that  equation  (9)  does  not  involve  the  length  of  the 

cable  at  all,  because  it  is  an  approximation  in  which  the  fraction  -j 

has  been  neglected.     Had  the  next  term  of  the  series  been  retained 
it  would  have  been  (within  the  bracket), 


^4VV 

""  2/cv/7r 


When  t  is  only  a  few  multiples  of  a  \^,  it  will  be  a  small  fraction 
of  a  P,  and  therefore  the  value  of  this  term  will  be  small.  It 
follows,  that  in  working  a  lonff  cable  on  the  duplex  method  a  very 
close  imitation  of  the  entering  current  can  be  obtained  with  an 
artificial  cable  of  considerably  shorter  length  than  the  actual  cable 
to  b^  imitated. 


[Verbatim  copy  of  Professor  (Ersted's  original  communication  on  his  discovery  of 

Electro-Magnetism.] 

EXPERIMENTA  CIRCA  EFFECTUM  CONFLICTUS 
ELECTRICI  IN  ACUM  MAGNETICAM. 

Prima  experimenta  circa  rem,  quam  illustrare  aggredior,  in 
scholis  de  Electricitate,  Galvanismo  et  Magnetismo  proxime-supe- 
riori  hieme  a  me  habitis  instituta  sunt  His  experimentis  mon- 
strari  videbatur,  acum  magneticam  ope  apparatus  galvanici  e  situ 
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moveri ;  idque  circulo  galvanioo  duso,  non  aperto,  ut  frustra 
tentaverunt  aliquot  abhinc  anuis  physici  quidam  celeberrimi. 
Cum  autem  haec  experimenta  apparatu  minus  efficaci  instituta 
essent,  ideoque  phaenomena  edita  pro  rei  gravitate  non  satis  lucu- 
lenta  viderentur,  socium  adscivi  amicum  Esmarch,  regia  consiliis 
justiciae,  ut  experimenta  cum  magno  apparatu  galvanioo,  a  nobis 
conjunctim  instrueto  repeterentur  et  augerentur.  Etiam  vir 
egregius  Wieugel,  eques  auratus  ord.  Dan.  et  apud  nos  praefectus 
rei  gubernatoriae,  experimentis  interfuit,  nobis  socius  et  testis. 
PraBterea  testes  fuerunt  horum  experimentorum  vir  excellentissi- 
mus  et  a  rege  summis  honoribus  decoratus  Hauchj  cujus  in  rebus 
naturalibus  scientia  jam  diu  inelaruit,  vir  acutissimus  Beinhardt, 
Historiae  naturalis  Professor,  vir  in  experimentis  instituendis  saga- 
cissimus  Jacobsen,  Medicinae  Professor,  et  Chemicus  experientis- 
simus  Zeise,  Philosophiae  Doctor.  Saepius  equidem  solus  experi- 
menta circa  materiam  propositam  institui,  quae  autem  ita  mihi  con- 
tigit  detegere  phaenomena,  in  conventu  horum  virorum  doctrissi- 
morum  repetivi. 

In  experimentis  recensendis  omnia  praeteribo,  quae  ad  rationem 
rei  inveniendam  quidem  conduxerunt,  hac  autem  inventa  rem 
amplius  illustrare  nequeunt;  in  eis  igitur,  quae  rei  rationem  perspi- 
cue  demonstrant,  acquiescami^s. 

Apparatus  galvanicus,  quo  usis  summus,*  constat  viginti  recep- 
taculis  cupreis  re'ctaiigularibus,  quorum  et  longitudo  et  altitude 
duodecim  aequaliter  est  pollicum,  latitude  autem  duos  pollices  et 
dimidium  vix  excedit.  Qvodvis  receptaculum  duabus  laminis 
cupreis  instructum  est  ita  iuclinatis,  ut  baculum  cupreum,  qui 
laminam  zinceam  in  aqua  receptaculi  proximi  sustentat,  portare 
possint.  Aqua  receptaculorum  ^o  s^i  ponderis  acidi  sulphurici  et 
pariter  -g^  acidi  nitrici  continet.  Pars  cujusque  laminae  Zinceae  in 
aqua  submersa  Qvadratum  est,  cujus  latus  circiter  longitudinem  10 
pollicum  habet.  Etiam  apparatus,  minores  adhiberi  possunt,  si 
mode  filum  metallicum  candefacere  valeant. 

Conjungantur  termini  oppositi  apparatus  galvanici  per  filum 
metallicum,  quod  brevitatis  causa  in  posterum  conductorem  conjun- 
gentem  vel  etiam  filum  conjungens  appellabimus.     Eflectui  autem 

*  Sic.    Lege  "  usi  sumus.'* 
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qui  in  hoc  conduetore   et  in   spatio  circumjacente  locum  habet, 
conflictus  electrici  nomen  tribuemus. 

Ponatur  pars  rectilinea  hujus  fili  in  situ  horizontali  super  acum 
magneticam  rite  suspensam,  eique  parallela.  Si  opus  fuerit,  filum 
conjungens  ita  flecti  potest,  ut  pars  eius  idonea  situm  ad  experi- 
mentum  necessarium  obtineat  His  ita  comparatis,  acus  magnetica 
movebitur,  et  quidem  sub  ea  fili  conjungentis  parte,  quae  electrici- 
tatem  proximo  a  termino  negativo  apparatus  galvanici  accipit, 
occidentem  versus  declinabit 

Si  distantia  fili  conjungentis  ab  acu  magnetica  f  poUices  non 
excedit,  declinatio  acus  angulum  circiter  45°  efficit.  Si  distantia 
augetur,  anguli  decrescunt  ut  crescunt  distantiaB.  Caeterum  de- 
clinatio pro  efficacia  apparatus  varia  est. 

Filum  conjungens  locum  mutare  potest  vel  orientem  vel  occi- 
dentem versus  dummodo  situm  acui  parallelum  teneat,  sine  alia 
effectus  mutatione,  quam  respectu  magnitudinis ;  itaque  eflectus 
attractioni  minime  tribui  potest,  nam  idem  acus  magneticaB  polus, 
qui  ad  filum  conjungens  accedit,  dum  ei  ad  latus  orientaJe  positum 
est,  ab  eadem  recedere  deberet,  quando  locum  ad  latus  occidentaJe 
occupat,  si  hae  declinationes  ab  attractionibus  vel  repulsionibus 
penderent.  Conductor  conjungens  e  pluribus  filis  aut  taeniis  metal- 
licis  connexis  constare  potest.  Natura  metalli  effectus  non  mutat, 
nisi  forte  quoad  qvantitatem.  Fila  ex  platino,  auro,  argento, 
oriclialco,  ferro,  taenias  e  plumbo  et  stanno,  massam  hydrargyri 
sequali  cum  successu  adhibuimus.  Conductor  aqua  inteiTupta  non 
omni  effectu  caret,  nisi  interruptio  spatium  plurium  poUicum 
longitudinis  complectatur. 

Effisctus  fili  conjungentis  in  acum  magneticam  per  vitrum,  per 
metalla,  per  lignum,  per  aquam,  per  resinam,  per  vasa  figlina,  per 
lapides  ti*anseunt; ;  nam  interjecta  tabula  vitrea  metallica  vel  lignea 
minime  tolluntur,  nee  tabulis  ex  vitro,  metallo  et  ligno  simul  inter- 
jectis  evanescunt,  imo  vix  decrescere  videntur.  Idem  est  eventus, 
si  interjicitur  discus  electrophori,  tabula  ex  porphyrita,  vns  figlinum, 
si  vel  aqua  repletum  sit.  Experimenta  nostra  etiam  docuenmt, 
effectus  jam  memoratos  non  mutari,  si  acus  magnetica  pyxide  ex 
orichalco  aqua  repleta  includitm*.  Effectuum  transitum  per  omnes 
has  materias  in  electricitate  et  galvanismo  antea  nunquam  obser- 
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vatum  fuisse,  monere  baud  opus  est  Effectus  igitor,  qui  locum 
habent  in  conflictu  electrico,  ab  effectibus  unius  vel  alterius  vis 
electricae  quam  maxime  sunt  diversi. 

Si  filum  conjungens  in  piano  horizontali  sub  acu  magnetica 
ponitur,  omnes  effectus  idem  sunt  ac  in  piano  super  acum  tan- 
tummodo  in  directione  inversa.  Acus  enim  magneticae  polus,  sub 
quo  ea  est  fili  conjungentis  pars,  quae  electrioitatem  proximo  a 
termino  negative  apparatus  galvauioi  aooipit,  orientem  versus 
declinabit. 

Ut  facilius  hsBC  memoria  retineantur,  hao  formula  utamur: 
Polus  super  quem  intrat  electricitas  negativa  ad  occidentem,  infira 
quam  ad  orientem  vertitur. 

Si  filum  conjungens  in  piano  horizontali  ita  vertitur,  ut  cum 
meridiano  magnetico  angulum  sensim  sensimque  crescentem  formet, 
declinatio  acus  magneticae  augetur,  si  motus  fili  tendit  versus  locum 
acus  deturbataB ;  sed  minuitur,  si  filum  ab  hoc  loco  discedit 

Filum  conjungens  in  piano  horizontali,  in  quo  movetur  acus 
magnetica,  ope  sacomatis  aequilibrata,  situm,  et  acui  parallelum, 
eandem  nee  orientem  nee  occidentem  versus  deturbat,  sed  tantum- 
modo  in  piano  inclinationis  nutare  facit,  ita  ut  polus,  penes  quem 
ingreditur  in  filum  vis  negative  electrica  deprimatur,  quando  ad 
latus  occidentale,  et  elevetur,  quando  ad  orientale  situm  est. 

Si  fihim  conjungens  perpendiculare  ad  planum  meridian i  mag- 
netici,  vel  supra  vel  infra  acum  ponitur,  hsec  in  quiete  permanet ; 
excepto  si  filum  sit  polo  admodum  propinquum :  tum  enim  eleva- 
tur  polus,  quando  introitus  fit  a  parte  occidentali  fili,  et  depri- 
mitur  quando  ab  orientali  fit. 

Quando  filum  conjungens  prependiculare  ponitur  e  regione  polo 
acus  magneticae,  et  extremitas  superior  fill  electricitatem  a  termino 
negative  apparatus  galvanioi  accipit,  polus  orientem  versus  move- 
tur ;  posito  autem  file  e  regione  puncto  inter  polum  et  medium 
acus  site,  occidentem  versus  agitur.  Quando  extremitas  fili 
superior  electricitatem  a  termino  positive  accipit  phaenomena  in- 
versa occurrent 

Si  filum  conjungens  ita  flectitur,  ut  ad  ambas  flexuraB  partes  sibi 
fiat  parallelum,  aut  duo  formet  crura  parallela,  polos  magneticoe 
pro  diversis  rei  conditionibus  repellit  aut  attrahit.     Ponatur  filum 
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e  regione  polo  alteriutri  acna,  ita  ut  planiim  crurum  paraUelonim 
sit  ad  meridiaitum  magneticura  perpcndiculare  et  eonjugatur  crus 
orientale  eiim  termino  negative,  occidentale  cum  positivo  appara- 
tus galvanioi ;  quibus  ita  iiiatruetis,  polus  proximus  repelletur,  vel 
ad  orieutem  vel  ad  occiJeiitem  pro  situ  plani  onimm.  Conjunoto 
omre  orientali  oum  termino  positivo  et  oecidentali  cum  termino 
negativo,  polua  proximus  attrahitur.  Quando  planum  erurum 
ponitur  perpendiculare  ad  locum  inter  polum  et  medium  aouB, 
iidem,  tantummodo  inversi,  occurrimt  effectus. 

Acus  ex  orichalco,  ad  instar  acus  raagneticse  suspensa,  effectu 
fili  conjungentis  non  movetur.  Etiam  acua  ex  vitro,  vel  ex  sic 
dicto  gummi  lacca,  simili  experimento  aubjectx  in  qaiete  manent. 

Ex  his  omnibus  momenta  quasclam  ad  rationem  horum  pliajno- 
menorum  reddondam  afferre  liceat. 

Conflictus  electrieus  non  nisi  in  particnlaa  magneticas  materise 
agere  valet.  Videntur  omnia  corpora  non-magnetica  per  conflic- 
tum  electricum  peoetrabilia  ease ;  magnetica  vero,  aut  potius  par- 
ticul^  eorum  magneticje  transitui  hujus  conflictus  resistere,  quo  fit, 
ut  impetu  vlrium  eertantium  mover!  possint. 

Conflictum  electricum  in  conduRtore  non  includi,  aed,  ut  jam 
diximus,  simul  in  spatio  circumjacente  idque  satis  late  dispergi,  ex 
observationibus  jam  propositis  satis  patet. 

Similiter  ex  observatis  colligere  licet,  hunc  conflictnm  gyros 
peragere,  nam  hfec  esse  videtur  conditio,  sine  qua  fieri  nequeat,  ut 
eadem  pars  fili  cimjungentis,  quEe  infra  polum  magneticum  posita 
eum  orientem  versus  ferat,  supra  poaita  eundem  oecidentem  versus 
Bgat ;  bseo  enim  gyri  eat  natura,  ut  motua  in  partibus  oppositis 
oppositam  habeant  directionem.  Prseterea  motua  per  gyros  cum 
motii  progressive,  juxta  longitudinem  conductor  ia,  conjunct  us, 
cocbleam  vel  lineam  spiralem  formare  deberc  videtur,  quod  tamen, 
nisi  i'allor,  ad  phenomena  liueusqueobservata  explicanda  nihil  confert, 

Omnes  in  polum  septentrioualem  effectus,  hie  expoeiti,  facile 
intelliguntur,  ponendo,  vim  vel  mater i  am  negative  electricam 
lineam  spiralem  dextroraum  fiexam  percurrere,  et  polum  aepten- 
trioiialem  propellere,  in  meridionalem  autem  mlnime  agere.  Effectus 
in  polum  meridionalem  similiter  explieantur,  si  vi  vel  materiae 
positive  electriciB  motum  contrarium  et  fecultatem  in  polum 
Mneridionalem   non   autem   in   eeptentrionalem  agsTvix  'ctii'aiwKos. 
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Hujus  legis  cum  natura  coiigmentia  melius  repetitione  experimen- 
torum  quam  longa  expHcatione  perspicietur.  Dijudicatio  autem 
experimentorum  multo  fiet  facilior,  si  cursus  virium  electricarum 
in  filo  conjungente  signis  pictis  vel  iucisis  indicatus  ftierit, 

Dictis  hoc  tantum  adjiciam  :  Demonstrasse  me  in  libro  septem 
abhinc  annis  edito,  calorem  et  lucem  esse  conflictum  electricum. 
Ex  observationibus  nuper  adlatis  jam  concludere  licet,  motus  per 
gyros  etiam  in  his  eflfiectibus  occurrere ;  quod  ad  phsenomena,  quae 
polaritatem  lucis  appellant,  illustranda  perquam  facere  puto. 

Dabam  Hafhi^  d.  21de  Julii  1820. 

Johannis  Christianus  Orsted, 

Eqnes  anratns  Ordinis  Dannebrogici  in  Umyersitate  Hafniensi 

Prof.  Physices  Ord.,  Secretarius  Societatis  Begise 

Scientiamm  Hafniensis. 

Typis  SCHULTZIANIS. 

(^Translation)* 

EXPEEIMENTS  ON  THE  EFFECT  OF  ELECTRIC  ACTION 

ON  THE  MAGNETIC  NEEDLE. 

The  first  experiments  on  the  subject  which  I  undertake  to  illus- 
trate were  set  on  foot  in  the  classes  for  electricity,  galvanism,  and 
magnetism,  which  were  held  by  me  in  the  winter  just  past.  By  these 
experiments  it  seemed  to  be  shown  that  the  magnetic  needle  was 
moved  from  its  position  by  the  help  of  a  galvanic  apparatus,  and  that, 
when  the  galvanic  circuit  was  closed,  but  not  when  open,  as  certain 
very  celebrated  physicists  in  vain  attempted  several  years  ago.  As, 
however,  these  experiments  were  conducted  with  somewhat  defective 
apparatus,  and,  on  that  account,  the  phenomena  which  were  pro- 
duced did  not  seem  clear  enough  for  the  importance  of  the  subject, 
I  got  my  friend  Esmarch,  the  King's  Minister  of  Justice,  to  join 
me,  that  the  experiments  might  be  repeated  and  extended  with  the 
great  galvanic  apparatus  which  we  fitted  up  together.  A  dis- 
tinguished man,  Wleugel,  Knight  of  the  Danish  Order,  and  Presi- 
dent of  our  Pilot  Board,  was  also  present  at  our  experiments  as  a 
partner  and  a  witness.  Besides  these  there  were  witnesses  at  these 
experiments  that  most  excellent  man,  decorated  by  the  King  with 

*  The  Society  is  indebted  for  this  Translation  to  the  Rev.  J.  E.  Kempe,  Rector  o^ 
St  JameB^B,  Piccadilly,  &c.,  &c.,  to  "wViom  It  accords  its  thanks. 
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the  highest  of  honours, — Hauch,  whose  acquaintance  with  natural 
science  has  long  been  celebrated, — that  most  acute  man  Bein- 
hardt,  Professor  of  Natural  History ;  Jacobsen,  Professor  of 
Medicine,  a  man  of  the  utmost  sagacity  in  conducting  experiments ; 
and  the  most  experienced  chemist,  Zeise,  Doctor  of  Philosophy.  I 
have  indeed  somewhat  frequently  carried  out  by  myself  experiments 
relating  to  the  matter  proposed,  but  the  phenomena  which  it  thus  befel 
me  to  disclose  I  repeated  in  the  presence  of  these  most  learned  men. 

In  reviewing  my  experiments  I  will  pass  over  everything  which, 
though  they  conduced  to  the  discovery  of  the  reason  of  the  thing, 
yet,  when  this  is  discovered,  cannot  any  further  illustrate  it  Those 
things,  therefore,  which  clearly  demonstrate  the  reason  of  the  thing, 
let  us  take  for  granted. 

The  galvanic  apparatus  which  we  made  use  of  consists  of  20 
rectangular  copper  receptacles,  the  length  and  height  of  which  are 
alike  4  inches,  the  breadtli,  however,  scarcely  exceeding  2J  inches. 
Every  receptacle  is  furnished  with  two  copper  plates,  so  inclined 
that  they  can  carry  a  copper  bar  which  supports  a  zinc  plate  in  the 
water  of  the  next  receptacle.  The  water  of  the  receptacles  contains 
^  of  its  weight  of  sulphuric  acid  and  likewise  -^  of  its  weight 
of  nitric  acid.  The  part  of  each  plate  which  is  immersed  in  the 
solution  is  square,  the  side  being  about  10  inches  long.  Even 
smaller  apparatus  may  be  used,  provided  they  are  able  to  make  a 
metallic  wire  red  hot. 

Let  the  opposite  poles  of  die  galvanic  apparatus  be  joined  by  a 
metallic  wire,  which,  for  brevity,  we  will  call  hereafter  the  joining 
conductor  or  else  the  joining  wire.  To  the  effect,  however,  which 
takes  place,  in  this  conductor  and  surrounding  space,  we  will  give 
the  name  of  electric  conflict. 

Let  the  rectilinear  part  of  this  wire  be  placed  in  a  horizontal 
position  over  the  magnetic  needle  duly  suspended,  and  parallel  to  it. 
If  necessary,  the  joining  wire  can  be  so  bent  that  the  suitable  part  of 
it  may  obtain  the  position  necessary  for  the  experiment.  These 
things. being  thus  arranged,  the  magnetic  needle  will  be  moved, 
and  indeed,  under  that  part  of  the  joining  wire  which  receives 
electricify  most  immediately  from  the  negative  end  of  the  galvanic 
apparatus,  will  decline  towards  the  west, 
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If  the  distance  of  the  joining  wire  from  the  magnetic  needle  does 
not  exceed  |  of  an  inch,  the  declination  of  the  needle  makes  an 
angle  of  about  45°.  K  the  distance  is  increased  the  angles  decrease 
as  the  distances  increase.  The  declination,  however,  varies  accord- 
ing to  the  efficiency  of  the  apparatus. 

The  joining  wire  can  change  its  place  either  eastward  or  west- 
ward, provided  it  keeps  a  position  parallel  to  the  needle,  without 
any  other  change  of  effect  than  as  respects  magnitude ;  and  thus 
the  effect  can  by  no  means  be  attributed  to  attraction,  for  the  same 
pole  of  the  magnetic  needle  which  approaches  the  joining  wire 
while  it  is  placed  at  the  east  side  of  it  ought  to  recede  from  the 
same  when  it  occupies  a  position  at  the  west  side  of  it  if  these 
declinations  depended  upon  attractions  or  repulsions. 

The  joining  conductor  may  consist  of  several  metallic  wires  or 
bands  connected  together.  The  kind  of  metal  does  not  alter  the 
effects,  except,  perhaps,  as  regards  quantity.  We  have  employed 
with  equal  success  wires  of  platinum,  gold,  silver,  copper,  iroD, 
bands  of  lead  and  tin,  a  mass  of  mercury.  A  conductor  is  not 
wholly  without  effect  when  water  interrupts,  unless  the  interrup- 
tion embraces  a  space  of  several  inches  in  length. 

The  effects  of  the  joining  wire  on  the  magnetic  needle  pass 
through  glass,  metal,  wood,  water,  resin,  earthenware,  stones ;  for 
if  a  plate  of  glass,  metal,  or  wood  be  interposed,  they  are  by  no 
means  destroyed,  nor  do  they  disappear  if  plates  of  glass,  metal, 
and  wood  be  simultaneously  interposed ;.  indeed,  they  seem  to  be 
scarcely  lessened.  The  result  is  the  same  if  there  is  interposed  a 
disc  of  amber,  a  plate  of  porphyry,  an  earthenware  vessel,  even  if 
filled  with  water.  Our  experiments  have  also  shown  that  the  eflfects 
already  mentioned  are  not  changed  if  the  magnetic  needle  is  shut 
up  in  a  copper  box  filled  with  water.  It  is  unnecessary  to  state 
that  the  passing  of  the  effects  through  all  these  materials  in  elec- 
tricity and  galvanism  has  never  before  been  observed.  The  effects, 
therefore,  which  take  place  in  electric  conflict  are  as  different  as 
possible  from  the  effects  of  one  electric  force  or  another. 

If  the  joining  wire  is  placed  in  a  horizontal  plane  under  the 

magnetic  needle,  all  the  effects  are  the  same  as  in  the  plane  over 

the    needle,    only   in   an   inverse  direction,    for  the   pole  of  the 

miignQtic  needle  under  'w\v\c\\  \^  tlasvt  ^art  of  the  joining  wire 
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which  receives  electricity   most   immediately  from   the  negative 
end  of  the  galvanic  apparatus  will  decline  towards  the  east. 

That  these  things  may  be  more  easily  remembered  let  us  uso 
this  formula :  the  pole  over  which  negative  electricity  enters  is 
turned  towards  the  west,  that  under  which  it  enters  towards  the 
east. 

If  the  joining  wire  is  so  turned  in  a  horizontal  plane  as  to  form 

with  the  magnetic  meridian   a  gradually   increasing  ungle,   the 

declination  of  the  magnetic  needle  is  increased  if  the  motion  of  the 

wire  tends  towards  ihe  place  of  the  disturbed  needle,  but  is  lessened 

,  if  the  wire  goes  away  from  this  place. 

The  joining  wire  placed  in  the  horizontal  plane  in  which  the  mag- 
netic needle  moves  balanced  by  means  of  a  counterpoise,  and  parallel 
?  to  the  needle,  disturbs  the  same  neither  eastward  nor  westward  but 
only  makes  it  quiver  in  the  plane  of  inclination,  so  that  the  pole 
near  which  the  negative  electric  force  enters  the  wire  is  depressed 
when  it  is  situated  at  the  west  side  and  elevated  tyrhen  at  the  east. 

If  the  joining  wire  is  placed  perpendicular  to  the  plane  of  the 
magnetic  meridian,  either  above  or  below  the  needle,  the  latter 
i*eniains  at  rest,  unless  the  wire  is  very  near  to  the  pole,  for  then 
the  pole  is  elevated  when  the  entrance  is  made  from  the  western 
part  of  the  wire  and  depressed  when  it  is  made  from  the  eastern. 

When  the  joining  wire  is  placed  perpendicular  to  the  pole  of  the 
magnetic  needle,  and  the  upper  end  of  the  wire  receives  electricity 
from  the  negative  end  of  the  galvanic  apparatus,  the  pole  is  moved 
towards  the  east ;  but  when  the  wire  is  placed  opposite  to  a  point 
situated  between  the  pole  and  the  middle  of  the  needle  it  is  driven 
towards  the  west.  When  the  upper  end  of  the  wire  receives 
electricity  from  the  positive  end  reverse  phenomena  will  occm'. 

If  the  joining  wire  is  so  bent  that  it  is  made  parallel  to  itself  at 
both  parts  of  the  bend,  or  forms  two  parallel  legs,  it  repels  or 
attracts  the  magnetic  poles  according  to  the  different  conditions  of 
the  case.  Let  the  wire  be  placed  opposite  to  either  pole  of  the 
tieedle  so  that  the  plane  of  the  parallel  legs  is  perpendicular  to  the 
inagnetic  meridian,  and  let  the  eastern  leg  be  joined  with  the  nega- 
tive end  of  the  galvanic  apparatus,  the  western  with  the  positive, 

s 

dud    when  this  is  so  arranged  the  nearest  pole  will  be  repelled 
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either  eastward  or  westward  according  to  the  position  of  the  plane 
of  the  legs.  When  the  eastern  leg  is  joined  with  the  positive  end, 
and  the  western  with  the  negative,  the  nearest  pole  is  attracted. 
When  the  plane  of  the  legs  is  placed  perpendicular  to  a  spot 
between  the  pole  and  the  middle  of  the  needle  the  same  eflfects 
occur,  only  inverted. 

A  needle  of  copper,  suspended  like  a  magnetic  needle,  is  not 
moved  by  the  effect  of  a  joining  wire.  Also  needles  of  glass,  or  of 
so-called  gum-lac,  subjected  to  the  like  experiments,  remain  at  rest. 

From  all  this  it  may  be  allowable  to  adduce  some  considerations 
in  explanation  of  these  phenomena. 

Electric  conflict  can  only  act  upon  magnetic  particles  of  matter. 
All  non-magnetic  bodies  seem  to  be  penetrable  through  electric 
conflict ;  but  magnetic  bodies,  or  rather  their  magnetic  particles, 
seem  to  resist  the  passage  of  this  conflict,  whence  it  is  that  they 
can  be  moved  by  the  impulse  of  contending  forces. 

That  electric  conflict  is  not  inclosed  in  the  conductor,  but  as  we 
have  already  said  is  at  the  same  time  dispersed  in  the  surrounding 
space,  and  that  somewhat  widely  is  clear  enough  from  the  obser- 
vations already  set  forth. 

In  like  manner  it  is  allowable  to  gather  from  what  has  been 
observed  that  this  conflict  performs  gyrations,  for  this  seems  to  be  a 
condition  without  which  it  is  impossible  that  the  same  part  of  the 
joining  wire,  which,  when  placed  beneath  the  magnetic  pole,  carries 
it  eastward,  drives  it  westward  when  placed  above ;  for  this  is  the 
nature  of  a  gyration,  that  motions  in  opposite  parts  have  an  opposite 
direction.  Moreover,  motion  by  circuits  combined  witli  progressive 
motion,  according  to  the  length  of  the  conductor,  seems  bound  to 
form  a  cochlea  or  spiral  line,  which,  however,  if  I  am  not  mistaken, 
contributes  nothing  to  the  explanation  of  phenomena  hitherto 
observed. 

All  the  effects  on  the  northern  pole,  here  set  forth,  are  easily 
understood  by  stating  that  negatively  electric  force  or  matter  rmis 
through  a  spiral  line  bending  to  the  right,  and  propels  the  northern 
pole,  but  does  not  act  at  all  upon  the  southern.  The  effects  on  the 
southern  pole  are  similarly  explained  if  we  attribute  to  force  or 
matter  positively  electrified  a  contrary  motion  and  the  power  of  acting 
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on  the  southern  pole  but  not  on  the  northern.  The  agreement  of 
this  law  with  nature  will  be  better  seen  by  the  repetition  of  experi- 
ments than  by  a  long  explanation.  To  judge  of  the  experiments, 
however,  will  be  made  much  easier  if  the  course  of  the  electric 
force  on  the  joining  wire  is  indicated  by  marks,  either  painted  or 
incised. 

I  will  add  this  only  to  what  has  been  said :  that  I  have  demon- 
strated in  a  book,  published  seven  years  ago,  that  heat  and  light 
^  

are  in  electric  conflict.  From  observations  lately  brought  to  bear 
we  may  now  conclude  that  motion  by  gyrations  also  occurs  in 
these  eflfects ;  and  I  think  that  this  does  very  much  to  illustrate 
the  phenomena  which  they  call  the  polarity  of  light. 

John  Christian  Orsted, 
Knight  of  the  Dannebrogic  Order, 
Professor  of  Physics  in  the  Copenhagen 
University, 
Dated,  Copenhagen,  Secretary  to  the  Copenhagen  Royal  Society. 

21  July,  1820.  of  Sciences. 


The  following  is  a  fac-simUe  of  Professor  CErsted's  signature, 
taken  from  a  communication  signed  by  him,  addressed  to  the 
Secretary  of  the  London  Electrical  Society,  bearing  date  the  9th  of 
April,  1 844,  and  presented  to  the  Society  by  Mr.  C.  V.  Walker, 
F.R.S. 


HANS  CHRISTIAN  OERSTED. 

On  the  25th  September,  1876,  the  statue  erected  to  the  memory 
of  Hans  Christian  CErsted  at  Copenhagen  was  unveiled  in  the 
presence  of  His  Majesty  the  King  of  Denmark  and  the  King  of 
Greece,  the  Danish  Crown  Prince,  and  several  members  of  the 
royal  Danish  family,  and  a  large  assemblage  of  high  officials,  men 
of  science,  and  students,  surrounded  by  thousands  of  people  wish- 
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ing  to  pay  a  tribute  to  the  memory  of  the  celebrated  philosopher. 
To  the  members  of  the  Society  of  Telegraph  Engineers  the  celebra- 
tion in  memory  of  this  eminent  man  must  prove  peculiarly  interest- 
ing, as  he,  by  the  discovery  of  electro-magnetism,  laid  the  founda- 
tion of  the  electric  telegraph.  It  is  thought,  therefore,  that  a 
short  sketch  of  his  life  will  not  prove  unwelcome. 

H.  C.  CErsted  was  born  in  the  town  of  Rudkjobing,  on  the  island 
of  Langeland,  at  the  Great  Belt,  on  the  11th  of  August,  1777.  He 
and  his  younger  brotlier,  the  since  famous  jurist  and  statesman, 
Anders  Sandoe  CErsted,  received  in  their  childhood  a  rather  in- 
different education,  but  by  their  eagerness  and  thirst  for  know- 
ledge, as  well  as  from  their  remarkable  natural  gifts,  they  were  so  far 
successful  that  they,  after  a  short  time  of  instruction  in  Copenhagen, 
especially  in  the  classical  languages,  could  already,  in  1794,  submit 
themselves  to  the  academical  examination  and  be  accepted  at  the 
university.  The  following  year  H.  C.  CErsted  passed  the  philo- 
sophical examination,  and  in  1797  the  pharmaceutical  in  a  brilliant 
manner.  A  strong  love  and  sense  for  the  study  of  natural  science 
was  early  awakened  in  him,  the  first  impulse  to  which  was  perhaps 
given  when  as  a  boy  of  thirteen  years  of  age  he  was  apprenticed 
to  Ills  father,  who  was  an  apothecary  ;  but,  besides  natural  science, 
he  occupied  himself  with  great  interest  with  aesthetics  and  philo- 
sophy. In  1796  he  won  an  academical  prize  for  an  aesthetic  treatise, 
and  in  1798  for  a  medical  one.  In  1799  lie  was  created  Doctor  of 
Philosophy,  after  having  defended  his  "  Dissertatis  de  forma  meta- 
phy sices  elementaris  naturae  externae."  Whilst  abroad  CErsted 
published  at  Berlin  his  first  great  work,  which  afterwards  appeared 
in  French  under  the  title  of  "  Recherches  sur  I'identite  des  forces 
electriques  et  chemiques."  In  this  work  is  to  be  found  the  foun- 
dation of  the  electro-chemical  system,  which  the  famous  Swedish 
chemist  Berzelius  afterwards  more  fiilly  developed.  CErsted  was 
at  that  time,  and  perhaps  not  entirely  without  justice,  looked  upon 
by  many  more  as  a  natural  philosopher  than  as  one  devoted  to  the 
study  of  natural  science  ;  but  later,  it  clearly  appears  from  his 
works  that  he  more  and  more  occupied  himself  with  trying  experi- 
ments, which  soon  led  him  to  the  highest  renown  and  secured  for 
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his  name  a  prominent  place  in  the  history  of  science.  In  1818  he 
began  to  make  investigations  on  the  compression  of  water,  and 
constructed  for  this  purpose  an  apparatus  which  is  now  to  be  found 
in  all  physical  collections,  and  is  as  remarkable  for  its  elegance  as 
its  correctness.  In  the  same  year  he  improved  the  galvanic  trough 
apparatus,  making  many  interesting  experiments  by  its  means,  the 
most  noticeable  of  which,  perhaps,  was  his  employment  of  it  for  the 
explosion  of  mines  by  heating  a  wire  placed  in  gunpowder ;  but  it 
was  not  until  two  years  later  that  he  realised  the  idea  which  early 
occupied,  and  in  fact  filled  his  mind,  viz.,  that  of  finding  the  true 
connection  between  electricity  and  magnetism,  by  the  action  of  the 
galvanic  current  on  the  magnetic  needle.  In  July,  1820,  his 
labours  in  this  direction  were  brought  to  a  conclusion,  and  on  the 
2l8t  of  July,  1820,  he  published  his  discovery  in  his  treatise, 
^*  Experimenta  circa  effectum  conflictus  electrici  in  acum  mag- 
neticam,"  which  was  sent  to  all  of  the  most  renowned  natural 
philosophers  and  scientific  societies! 

From  this  moment  his  great  worth  as  a  natural  scientist  was 
universally  acknowledged,  and  honours  poured  thick  upon  him 
from  all  quarters.  He  became  member  and  honorary  member  of  a 
multitude  of  learned  societies.  In  1823  he  was  created  Member 
of  the  Royal  Society  and  Honorary  Member  of  the  Royal  Institu- 
tion of  Great  Britain,  and  Corresponding  Member  of  I'Institut  de 
France  (1872  Associe  stranger). 

What  immense  influence  CErsted's  discovery  exercised,  and  how 
it  was  fiirther  developed,  partly  in  a  theoretical  direction  and 
partly  in  a  practical  direction,  need  not  here  be  referred  to ;  it 
will  in  this  and  other  respects  be  sufficient  to  observe  that  the  total 
of  all  his  treatises  and  publications  reached  the  fair  number  of  218, 
embracing  the  whole  field  of  natural  science. 

The  last  work  published  by  CErsted,  and  no  doubt  the  most 
important,  as  an  expression  of  that  view  of  the  world  which  he 
entertained  ficom  his  earliest  time,  and  in  which  he  by  degrees  became 
only  more  confirmed,  was  his  work,  ^'the  Soul  of  Nature."  For 
him  Nature  was  a  manifestation  of  the  Deity's  combined  wisdom 
and  creative  power.     The  laws  of  Nature  are  reason's  laws.     The 
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true  and  the  beautiful  are  but  different  views  of  what  is  rational, 
and  the  whole  existence  forms  an  all-comprehensive  rational  whole 
of  Divine  origin. 

Particularly  for  his  own  country  did  CErsted  work  in  a  beneficial 
manner,  not  only  as  a  teacher  at  the  University,  where  his  warm 
and  animated  lectures  enraptured  his  audience,  and  won  many 
votaries  for  the  study  of  Nature,  but  his  interest  was  as  many-sided 
as  his  learning,  and  in  many  instances  have  his  lectures  and  writ- 
ings given  instruction  and  guidance  to  his  fellow-citizens.  He 
worked  energetically  for  the  purpose  of  making  the  science  of 
Nature  more  accessible  to  the  public  at  large,  as  well  as  that  the 
influence  ofscience  on  daily  life  should  be  developed  in  his  own 
country  in  a  practical  direction.  It  was  with  this  idea  that  he 
founded  the  Society  for  Advancement  of  Natural  Science,  and  that 
he  succeeded  in  1829  in  establishing  the  Polytechnic  Institution  at 
Copenhagen,  for  which  he,  as  director  and  teacher,  worked  with 
untiring  energy  up  to  his  death.* 

On  the  7th  of  November,  1850,  he  had  been  teacher  at  the 
University  for  fifty  years,  and  a  large  number  of  his  friends,  pupils, 
and  hearers  prepared  a  festival  for  him  on  that  day.  Honoured 
by  his  King,  loved  and  respected  by  all  who  had  experienced  the 
good  fortune  of  coming  in  contact  with  him,  CErsted  looked  upon 
that  day  as  the  happiest  in  his  life.  A  few  months  later,  on  the 
9th  of  March,  1851,  after  an  apparently  light  illness,  he  passed 
quietly  away,  deeply  mourned  by  all.  Eminent  as  a  scholar, 
equally  great  was  he  as  a  man,  modest  and  lenient  in  his  judg- 
ment of  others,  strict  with  regard  to  himself,  benevolent,  always 
ready  to  help  others  with  advice  and  deed ;  himself  truthful  in  the 
highest  degree,  he  demanded  truthfiilness  from  others  as  their 
first  duty. 

(Ersted  visited  England  several  times,  and  he  was  on  a  fi'iendly 
footing  with  most  of  its  renowned  scientific  men.  In  1 823  he  made 
the  acquaintance  of  Davy,  WoUaston,  and  others  ;  in  1846  he  took 
part  in  the  meeting  of  Natural  Philosophers  at  Southampton,  and 
on  that  occasion  he  was  particularly  distinguished.  Amongst  others 
Sir  John  Herschel  spoke  at  the  concluding  meeting  in  the  most 
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flattermg  terms  of  CErsted  and  his  labours.  He  made  and  renewed 
at  that  time  acquaintance  with  many  Englishmen,  such  as  Faraday, 
Murchison,  Wheatstone,  and  others.  Wheatstone  particularly 
entertained  a  great  esteem  for,  and  often  spoke  with  the  highest 
regard  of,  his  elder  friend,  the  Danish  philosopher. 

It  is  impossible  to  conclude  these  lines,  devoted  to  the  memory  of 
a  man  of  classical  character,  distinguished  by  his  love  to  his  coiuitry, 
his  science,  and  his  family,  without  showing  in  a  few  words  how  his 
genius,  a  quarter  of  a  century  after  his  death,  still  exercises  its 
influence  on  that  nation  to  which  he  belonged.  On  the  25th  of 
September,  the  same  day  as  the  monument  for  CErsted  was  un- 
covered, and  in  memory  of  that  day,  the  brewer,  Mr.  Jacobsen  of 
Carlsberg,  by  a  donation  of  one  million  Danish  crowns,  established 
the  Carlsberg  fund  "  for  the  advancement  of  science,  and  for  the 
benefit  of  scientific  men,"  thus,  as  the  high-minded  donor  expresses 
himself,  discharging  only  partially  the  debt  in  which  he  stands  to 
CErsted  and  science.  And  once  more  we  meet  the  genius  of 
CErsted  in  that  warm  interest  with  which  the  Danish  nation  embraces 
the  grand  schemes  carried  out  by  the  Great  Northern  Telegraph 
Company,  under  the  presidency  of  Mr.  Tietgen  of  Copenhagen. 

C.  L.  Madsen. 

Copenhagen,  October,  1876, 


ON  DUPLEX  TELEGRAPHY, 

By  J.  J.  Fahie. 

The  following  is  an  abstract  of  an  interesting  Paper  forwarded 
to  us  by  Mr.  Fahie,  which  is  too  long  for  insertion  and  not  suffi- 
ciently novel  for  reading  before  the  Society. 

Acting  upon  a  system  of  testing  devised  by  Mr.  Mance,  and 
described  in  the  "  Philosophical  Magazine"  for  April,  1871,  which 
briefly  described  is  an  arrangement  such  as  that  shown  in  fig.  1 ,  a 
point  P  in  the  shunt  A  B  can  be  found  experimentally  at  which 
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earth  may  be  applied  without  affecting  the  deflection  of  the 
galvanometer  needle  G;  when  P  is  thus  found  the  resistances 
ABE  and  R  will  be  proportional,  that  is 

A  _  E 
B  "  R  • 

Tlie  appliea,tion  of  earth  at  the  point  P,  while  leaving  the  gal- 
vanometer undisturbed,  must  considerably  modify  the  current  set 
up  in  R  by  the  electromotive  E,  and  here  we  have  the  first  step 
towards  a  duplex  telegraph. 

Apparatus  was  arranged  as  in  fig.  2.  A  B,  A^  B^,  and  R  were 
resistance  coils  of  one  form  or  another,  G  G^  were  polarised  relays, 
and  were  so  connected  up  that  when  the  current  flowed  through 
them  the  tongue  of  G  was  attracted  to  the  contact  stop,  wliile  that 
of  Gi  was  repelled.  In  the  circuit  of  each  relay  there  was  a  fairly 
sensitive  galvanoscoj^e  not  shown  in  the  figure.  K  K^  were  ordi- 
nary Morse  keys,  E  was  a  battery  of  30  cells  of  small  internal 
resistance,  and  L  was  the  artificial  line  of  about  3000  ohms.  The 
local  circuits  differed  in  no  way  from  those  for  ordinary  single 
working,  and,  for  the  sake  of  clearness,  are  omitted  from  the 
figure. 

Fair  workable  results  were  obtained  when  A  +  B  was  equal  to 
the  resistance  of  the  battery  E  added  to  that  of  the  line  and  of  the 
distant  station's  apparatus,  A^  +  B^  =  2  G^,  and  R  equal  to  the 
line  and  the  home  station's  ajoparatus.  The  resistance  of  the  relay 
circuits  was  about  800  ohms. 

The  adjustment  was  effected  in  the  following  manner.  The 
tongue  of  G  was  made  to  rest  well  against  the  insulated  or  agate 
stojD,  so  that  the  current  passing  through  the  system  should  be 
unable  to  draw  it  over  to  the  contact  stop.  The  tongue  of  G,  on 
the  other  hand,  was  so  placed  as  to  rest  against  the  contact  stop 
wlicn  no  current  was  passing,  and  to  be  pushed  against  the  insulated 
stop  by  the  current  from  E.  The  wires  from  K  K^,  being  fitted 
with  travelling  pegs,  were  then  moved  along  A  B  and  A^  B^  until 
a  point  was  found  in  each  at  which  making  and  breaking  contact 
with  earth  by  means  of  the  levers  had  no  effect  on  the  deflections  of 
their  corresponding  galvanoscopes,  that  is  to  say,  working  K  had 
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no  effect  on  Q-,  and  working  Kj  none  on  G^ ;  when  this  was  so 

4=' E A,  ^         R 

B     •L  +  Y+R^'^'^Bi  ""L  +  X+E' 

Y  being  the  combined  resistance  of  the  distant  relay  and  shunt, 
and  X  that  of  the  home  relay  and  shunt. 

The  modus  operandi  may  be  briefly  explained  thus: — When  both 
keys  were  at  rest  the  relays  were  open ;  G,  because  of  its  adjust- 
ment the  current  was  too  weak  to  attract  the  tongue,  and  G^, 
because  we  so  arranged  that  the  same  current  should  be  able  to 
keep  the  tongue  against  the  insulated  stop.  Now,  when  K  was 
depressed,  the  greater  part  of  the  current  leaving  the  battery  was 
diverted  to  earth  via  A  and  K,  and  G  B  and  K,  while  that  portion 
of  it  in  the  Une  was  reduced  to  about  one-half  of  its  original 
strength,  and  was  no  longer  able  to  keep  the  tongue  of  G^  from 
falling  over  to  the  contact  stop.  Whenever,  therefore,  K  was 
depressed,  G^  recorded  a  signal.  When  K^  was  held  down  the 
resistance  of  the  circuit  was  halved,  roughly  speaking,  and  the 
current  flowing  out  to  line  was  in  consequence  doubled,  and  so 
was  strong  enough  to  close  the  relay  G  and  make  a  signal  at  that 
station. 

When  the  keys  were  worked  singly  the  signals  at  either  end 
were  perfect,  but  when  both  were  worked  at  the  same  time  the 
signals  at  the  battery  end  were  disturbed  and  sometimes  broken, 
while  those  at  the  distant  station  continued  good.  This  was,  of 
course,  owing  to  the  derangement  of  the  proportionality  on  which 
the  system  is  based,  for  every  time  K  was  heJd  down  R  was  cut 

A  E 

out  of  circuit  and  the  rates^  =  ^ — .  -c/  .  p  were  no  longer  correct. 

±)         Li  +  x  +  ±1 

To  remedy  this  an  automatic  contrivance  was  introduced  in  G,  by 
which,  when  K^  was  depressed,  the  value  of  A  was  doubled. 
Fig.  3  illustrates  this.  While  the  relay  G  was  open,  the 
resistance  marked  A  in  figure  2  was  really  the  joint  resistance  of 
two  equal  quantities,  A  and  a.  When  G  closed,  in  response  to  the 
working  of  K^,  it  broke  the  circuit  of  a,  and  so  doubled  the  value 
of  this  portion  of  the  shunt.  In  this  way,  whether  Kj  were  up  or 
down,  the  proportionality  of  all  the  parts  was  fairly  maintained. 
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Thus  we  had  when  E^  was  at  rest, 

A            E 

B-L  +  Y  +  E' 

and  when  K.^  was 

depressed, 

2A 

E             A 

E 

B 

L  +  Y  +  R°'^B 

~L+Y+R 

as  before. 


Tliis  compensation  was  not  required  when  K  was  depressed, 
because  the  decrease  in  the  resistance  of  the  home  apparatus  caused 
thereby  was  so  small  compared  to  the  total  resistance  that  the 

.    A  R 

ratio  ^  =  y— ^      p  was  practically  correct  for  this  position  of 

the  lever. 

Subsequent  experiments  showed  that  the  resistance  R  could  be 
conveniently  replaced  by  a  second  battery  E,  fig.  4,  and  the 
automatic  arrangement  dispensed  with.  This  battery  was  equal, 
approximately,  in  internal  resistance  and  electromotive  force  to  E, 
and  was  connected  up  in  the  opposite  way  as  shown  in  the  figure. 
A  +  B  and  A^  +  B^  were  made  equal,  and  were  each  about  one- 
eighth  of  the  resistance  of  the  battery  (E  or  E^),  plus  that  of  the 
line  and  of  tlie  other  station's  apparatus.  The  adjustment  was  effected 
as  in  fig.  2,  except  that  the  tongue  of  G  was  also  made  to  rest  against 
the  contact  stop  when  no  current  was  passing.  This  arrangement 
worked  well  on  both  artificial  and  actual  lines,  and  is  superior  to 
the  first. 

Its  action  is  as  follows :  For  the  sake  of  illustration  let  A  +  B  = 
G  =  620  ohms,  Aj  +  B^  =  Gj  =  620,  E  =  E^  =  100,  and  L  = 
2590.  When  the  keys  are  at  rest  a  current  circulates  in  the 
system,  the  strength  of  which  is  the  added  effect  of  E  and  E^,— viz. 

-i-,  3410  beinff  the  sum  of  all  the  resistance  in  the  circuit,  and 
3410 

1  +  1  the  sum  of  the  electromotive  forces.     Of  this  only  one-half 

or  qtttv  go6S  through  the  relays,  and,  as  we  have  seen,  just  suffices 

to  keep  them  well  open.     Let  K  be  h^ld  down,  calculation  and 
observation  alike  show  that  the  current  in  G  is  not  affected  thereby ; 
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Ej  still  sends  a  current  to  line,  which  is  practically  the  same  as 
before,  though  in  reality  a  little  stronger  ( qqttq)?  the  slight  in- 
crease, which  we  need  not  stop  to  appreciate,  being  due  to  the  total 
resistance  in  circuit  being  now  less  than  before  the  depression  of 
K.     But  the  greater  part  of  the  current  from  E  now  goes  to  earth 

via  A  and  K  and  G  B  and  K,  and  only  ^^  goes  to  line,  or  one- 
twelfth  of  its  original  strength.  The  current  in  the  line  is  therefore 
oAio  "^40920  ^^  tTZS'  ^^^  since  but  one-half  of  this  traverses  G^ 

^^^  instead  of  htttv  represents  the  current  by  which  the  distant 

relay  is  actuated,  and  this  by  reason  of  the  adjustment  is  insufficient 
to  keep  the  tongue  from  falling  over  to  the  contact  stop  ;  a  signal 
is  therefore  recorded.  The  same  reasoning  applies  when  Kj  is  held 
down,  Gi  is  unaffected,  while  the  current  in  G  is  reduced  to  nearly 
one-half,  and  permits  the  tongue  to  fall  over  to  the  contact  stop, 
and  record  a  signal.  When  both  keys  are  down  at  the  same  time 
the  relays  receive  a  current  which  is  almost  the  same  as  when  they 

are  worked  singly,  while  a  current  of  only  nKAfif)  ff^®^  ^o  the  line. 

According,  therefore,  to  the  positions  of  the   levers  the  line  is 

1 
traversed  by  currents  of  the  following  strengths  :  =-^^  when  both 

levers  are  at  rest,  qtto  when  one  up  and  one  down,  and  ht^jca  when 

both  down.  One  advantage  of  this  arrangement  is  that  as  it  dis- 
penses with  the  artificial  line  required  by  other  systems  it  also 
dispenses  with  the  use  of  condensers. 

The  system  has  been  in  successful  operation  on  the  Shiraz-Teheran 
line,  Persia;  600  miles  long.  No.  5  wire.  Any  two  stations  pos- 
sessed of  a  rheostat  can  easily  join  up  duplex  with  the  ordinary 
apparatus,  and  if  they  possess  slides  so  much  the  better. 
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ON  THE  CONSTRUCTION  OF  CABLE-KEYS. 

It  very  seldom  happens  that  instrument-makers  turn  out  a  cabfe- 
key  ready  to  meet  the  practical  requirements  of  operators.  No 
doubt  this  arises  from  the  want  of  knowing  what  is  really  required. 
The  most  beautiful  workmanship  is  often  spoilt  by  some  error  in 
the  aiTangement  of  the  parts  of  the  key,  and  I  will  here  endeavour 
to  point  out  the  errors  which  are  usually  made  in  the  construction 
of  keys  for  cable-working,  and  the  remedies  which  can  be  applied 
in  future. 

Different  people  have  different  opinions,  and  doubtless  there  will 
be  some  who  will  differ  from  me  even  in  the  construction  of  a  key, 
but  I  think  I  may  claim  as  great  an  experience  in  the  matter  of 
cable-keys  and  cable-operators  as  any  one,  and  the  remarks  I  am 
about  to  make  are  the  result  of  upwards  of  ten  years'  careftil  obser- 
vation of  persons  and  apparatus ;  and  although  there  may  be  excep- 
tions to  every  rule  the  following  is  the  average  result  of  my  expe- 
rience. 

The  errors  in  construction  are — 

I.  The  springs  in  the  ordinary  form  of  cable-key  are  too  stiff, 
and  require  an  amount  of  pressure  to  insure  good  contacts,  which 
soon  tires  an  operator's  fingers,  and  causes  him  to  send  irregularly, 
and  in  a  short  time  to  considerably  reduce  his  speed  of  sending. 

I  have  now  before  me  a  new  key,  and  it  will  perhaps  be  scarcely 
credited  when  I  state  that  to  bring  the  "dot"  key  down  to  the 
under  contact  requires  a  weight  of  15  ounces,  and  to  bring  down 
the  "  dash  "  key  it  requires  17  ounces.  Now  imagine  an  operator 
working  at  the  rate  of  only  twelve  words  a  minute,  five  letters  per 
word,  and  three  signals  per  letter,  for  one  hour,  with  his  fingers 
only,  each  signal  being  produced  by  a  finger-pressure  of  one  pound 
weight,  plus  a  little  for  firm  contact,  and  the  result  surprises  you, 
for  12  X  5  X  3  X  60  =  10,800  lbs.  per  hour ;  multiply  this  by  eight 
hours  for  a  day's  work,  and  it  will  be  seen  what  an  enormous 
amount  of  muscular  j^ower  is  exerted,  in  the  aggregate,  in  a  day's 
duty  at  the  "light"  occupation  of  cable  work.  It  would  be  very 
little  short  of  "  cruelty  to  animals  "  to  force  a  man  to  work  such  a 
key  for  a  whole  duty,  setting  aside  the  fact  that  such  a  key  must 
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necessarily  reduce  the  speed  of  sending  after  a  very  short  time,  in 
addition  to  the  contacts  being  made  occasionally  too  light,  and 
causing  loss  of  a  dot  here  and  a  dash  there,  resulting  in  errors  and 
repetitions. 

No  key  should  ever  be  sent  out  if  the  springs  cannot  be  depressed 
upon  the  bottom  contacts  by  a  weight  of  eight  ounces  without 
springing.  I  have  found  this  strength  of  spring  most  in  favour  with 
good  cable  operators,  and  such  a  key  can  be  worked  without 
fatigue. 

II.  The  platinum  contact-points  in  some  keys  are  inserted  in 
brass  sockets  and  filed  off  flush ;  the  consequence  is  that,  as  soon 
as  the  surface  of  the  platinum  is  worn  off,  the  Qontact  is  made  as 
much  upon  brass  as  upon  platinum',  and  failure  of  signals  is  the 
result.  The  platinum  contacts  should  stand  out  well  above  the 
sockets,  be  of  good  size  (say  No.  10  gauge),  and  meet  fairly. 

III.  The  bridge  is  almost  invariably  placed  too  near  the  tappers, 
which  is  a  great  mistake.  Although  English  operators,  either  at 
home  or  abroad,  do  not,  as  a  rule,  adopt  the  Chinese  fashion  in  the 
matter  of  finger-nails,  they  do,  as  a  rule,  object  to  have  a  finger- 
nail of  moderate  length  broken  or  bent  back  by  contact  with  the 
sharp  edge  of  the  brass  bridge,  with  even  an  eight-ounce  pressure, 
every  few  minutes,  owing  to  the  cramped-up  construction  of  the  keys 
provided  ;  such  "  accidents  "  lead  to  imperfect  keying,  occasional 
light  contacts  and  failure  of  signals,  and  consequently  to  error. 

In  the  keys,  as  supplied,  there  is  not  the  diameter  of  an  ordinary 
lead  pencil  between  the  back  edge  of  the  tappers  and  the  bridge,  while 
behind  the  bridge  there  is  plenty  of  spare  space,  a  little  of  which 
might  with  advantage  be  "  brought  forward."  Scarcely  a  single 
operator  works  upon  the  front  edge  of  the  tappers.  There  are  some 
who  work  upon  the  centres  of  them  ;  but  the  great  majority  work 
upon  the  NE.  quadrant  of  the  dot  key  and  the  NW.  quadrant  of 
the  dash  key,  calling  the  nearest  edge  of  the  key  S.  The  manner 
in  which  the  tappers  become  worn  down  after  long  usage  is  a  proof 
of  this  observation. 

To  remedy  the  defect  here  pointed  out  there  should  be  left,  be- 
tween the  bridge  and  the  back  of  the  tappers,  a  clear  space  of  from 
three-quarters  of  an  inch  to  one  inch.    The  comfort  of  working  with 
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this  arrangement  during  an  eight  hours'  spell  of  sending,  as  com- 
pared with  an  equal  spell  of  working  with  a  key  of  the  ordinary 
construction,  can  only  be  estimated  by  those  who  have  to  manipu- 
late it. 

IV.  The  shape  of  the  tappers  is,  as  a  rule,  wrong  ;  the  edges  are 
too  thin  and  sharp,  and  they  by  no  means  find  favour  with  operators; 
the  upper  surfaces  are,  moreover,  too  concave.  The  tappers  should 
be  made  but  very  slightly  concave  on  the  top ;  the  edges  should  be 
made  thicker,  and  rounded  or  bevelled  off,  and  the  diameter  found 
to  be  most  convenient  is  that  of  a  bronze  halfpenny. 

It  may  be  thought  by  some  persons  that  the  keys  might  have 
convex  knobs  like  the  land-line  keys ;  but  this  would  not  do.  In 
the  Morse  key  there  is  but  one  lever  worked  by  one  hand,  and  the 
knob  is  usually  grasped  in  the  hand,  or  inclosed  by  the  fingers, 
whereas  in  the  cable-keys  there  are  two  levers,  or  springs,  worked 
of  necessity  by  the  fingers  of  one  hand,  and  slightly  concave  tappers 
are  found  most  convenient  for  the  fingers  in  sending.  Upon  a  con- 
vex surface  there  would  always  be  a  liability  of  the  fingers  to  slip 
off  in  sending,  and  operators  therefore  prefer  the  slightly  concave 
tappers  with  an  8  oz.  spring. 

It  must  be  borne  in  mind  that  the  hand  is  not  shifted  from  key 
to  key  in  sending,  but  the  wrist  is  stationary,  resting  upon  the  table 
or  upon  a  raised  block  a  little  above  the  level  of  the  table,  and 
frequently  upon  a  message-pad,  so  as  to  give  more  fi'eedom  to  the 
fingers.  When  the  springs  are  too  strong  (such  as  the  1  lb.  springs 
above  referred  to),  and  in  very  quick  sending,  the  wrist  cannot  be  at 
rest,  and  then  it  is  raised,  bringing  the  assistance  of  the  arm  into 
play  to  provide  for  the  extra  power  required,  the  fingers  alone  being 
insufficient  for  the  purpose. 

V.  The  distance  from  the  centi'e  of  one  tapper  to  the  centre  of 
the  other  should  be  about  one  inch  and  three-quarters. 

By  introducing  these  little  improvements  in  the  construction  of 
the  ''  ordinary  cable-keys,"  Messrs.  '^  Smith,  Jones,  Brown  and 
Robinson  "  will  confer  some  comfort  upon  cable  operators,  and  re- 
ceive their  good  wishes  in  return. 

Jas.  Graves. 

Valentia,  November  9, 1876. 
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QUADRANT  ELECTROMETER  WITH  BIFILAR 

SUSPENSION.* 

During  the  last  nine  months  we  have  been  regularly  using  a 
Thomson's  Quadrant  Electrometer,  that  arrived  in  this  country  a 
year  ago.  In  May  of  this  year  we  first  observed  that  when  a 
constant  difference  of  potentials  was  measured  the  primary  deflec- 
tion D  slowly  increased  to  a  limit  D  +  S  in  about  ten  minutes,  S 
being  a  small  increase.  When  the  quadrants  were  suddenly  con- 
nected the  zero  was  S  in  advance  of  its  primary  position,  to  which 
it  only  returned  after  some  time.  B  is  always  of  the  same  sign  as 
D.     This  action  has  slowly  increased  as  the  weather  has  become 

hotter,  and  now  (August)  =^  is  as  much  as  one-fifth  if  the  needle  be 

kept  deflected  for  about  one  hour.  When  it  was  first  observed,  the 
instrument  was  taken  to  pieces  and  thoroughly  cleaned,  to  avoid  this 
abnormal  action  being  complicated  by  shreds  causing  any  loss 
from  the  needle  to  the  quadrants.  Aft»r  charging  the  Leyden  jar, 
an  irregular  wandering  of  the  zero  was  observed  when  all  the 
quadrants  were  kept  connected.  This  may  have  been  due  partly 
from  the  air  about  the  silk  fibres  drying,  and  partly  from  the  loss 
of  charge  of  the  jar,  being  apparently  (great  at  first)  due  to  soaking 
in  ;  for  we  had  seen  that  at  any  time  if  the  charge  in  the  jar  were 
suddenly  altered  the  electric  zero  altered,  even  although  it  pre- 
viously coincided  with  the  mechanical  zero,  that  is,  the  zero  of  the 
instrument  when  the  quadrants,  the  inside  and  outside  of  the  jar, 
are  at  the  same  potential.  After  this  irregular  motion  of  the  zero 
had  to  a  great  extent  subsided  the  previous  "  yielding  "  effect  was 
again  manifested.  At  first  sight  it  appeared  like  an  increase  of 
difference  of  potentials  between  the  quadrants,  due  to  some  electro- 
motive force  acting  through  a  great  resistance,  and  as  in  June  we 
observed  that  the  insulating  paraffin-wax  on  the  ebonite  of  the 
electrodes  had  slightly  melted,  and  had  spread  itself  as  a  thin  layer 
over  the  upper  surface  of  the  quadrants,  we  hoped  that  we  had 
discovered  the  cause  of  the  phenomenon  in  this  paraffin  having 
inserted  itself  between  the  feet  of  the  electrodes  and  the  quadrants. 

*  A  paper  on  Unifilar  Suspension  by  the  same  anthors  will  appear  in  a  fntnre 
number. 
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However,  taking  the  electrometer  to  pieces  and  carefiilly  cleaning 
the  quadi'ants  and  the  electrodes  produced  no  improvement,  and  a 
direct  measurement  with  a  Wheatstone's  bridge  showed  the  absence 
of  any  resistance  between  the  quadrants  and  any  of  their  con- 
nections. Quantitive  experiments  prove  that  for  a  given  charge 
in  the  jar,  and  for  a  given  position  of  the  quadrants,  the  deflection 
corresponding  with  any  fixed  difference  of  potentials  is  constant, 
and  that  the  marked  steady  motion  of  the  deflected  needle  is  really 
due  to  a  corresponding  motion  of  the  zero. 

The  phenomenon,  therefore,  bears  the  appearance  of  a  viscous 
yielding  or  increase  of  the  silk  fibres  under  continued  stress ;  still, 
as  we  are  not  aware  of  any  such  yielding  being  observed  in  any 
other  quadrant  electrometer,  and  as  we  have  not  experienced  it 
ourselves  in  any  of  the  electrometers  that  we  have  used  in  England, 
we  put  forward  this  suggestion  with  diffidence,  and  are  aiixious  to 
elicit  the  views  of  the  Members  of  the  Society  of  Telegraph 
Engineers  on  this  subject. 

In  bifilar  suspensions  a  deflection  of  the  needle  ncreases  the 
tension  of  the  fibres,  consequently,  if  this  increased  tension  be 
maintained  for  a  time,  there  will  be  probably  a  lengthening  of  the 
fibres.  If,  therefore,  the  needle  and  fibres  were  perfectly  sym- 
metrical, the  effect  of  this  would  be  to  slightly  lower  the  needle, 
and,  if  we  neglect  for  a  moment  any  alteration  of  electric  attraction 
produced  by  this  lowering  of  the  needle  relatively  to  the  quadrant, 
this  lowering  would  not  alter  the  zero  position.  But  if  the  original 
tensions  of  the  fibres  are  slightly  unequal,  or  if  either  of  the  fibres 
tends  to  yield  more  than  the  other  for  the  same  stress,  then  the 
needle,  in  addition  to  being  lowered,  will  remain  slightly  deflected 
after  the  removal  of  the  deflecting  couple.  And  now,  in  addition 
to  this,  the  lowering  of  the  needle  may  probably,  even  if  the  yield- 
ing of  the  fibres  were  exactly  equal,  cause  an  alteration  of  the  zero, 
from  change  of  the  electric  attractions  produced  by  the  approach  of 
the  needle  to  the  lower  half  of  the  quadrants  due  to  want  of  perfect 
symmetry  of  the  needle  and  quadrants. 

The  effect  of  inequality  of  tension  we  have  verified  to  a  certain 
extent  by  a  direct  experiment  on  a  silk  bifilar  suspension,  in  con- 
nection with  which  there  were  no  electric  attractions ;  consequently, 
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we  liave  spent  much  time  in  endeavouring  to  equalize  the  tensions 
in  the  fibres  of  the  electrometer,  by  finding  the  position  in  which 
the  couple-resisting  defiection  is  a  maximum,  in  accordance  with 
the  method  recommended  to  be  used  with  electrometers;  such 
equalization,  however,  can  be  only  approximate.  For  the  present, 
therefore,  we  are  led  to  regard  this  "  yielding  "  phenomenon  as  due 
to  an  increase  in  the  elongation  of  fibres,  which,  under  the  continued 
action  of  longitudinal  stress,  seems  to  be  noticeable  during  the  heat 
of  a  Japanese  summer ;  combined  with 

1.  Probable  want  of  perfect  equalization  of  tension  in  the  fibres. 

2.  Want  of  symmetry  of  the  quadrants. 

8.  The  aluminium  needle  being  possibly  very  slightly  bent. 

This  fault  in  the  action  of  the  electrometer  adds  greatly  to  the 
labour  of  taking  time  observations,  and  yet  if  the  above  hypothesis 
is  correct  it  is  difficult  to  see  how  to  find  a  remedy.  It  may  be 
possible  to  exactly  equalise  the  tension  of  the  fibres,  but  the  quad- 
rants must  remain  imsymmetrical,  since  they  are  not  exactly  equal 
in  area,  so  that  they  cannot  be  adjusted  to  be  equi-distant,  and  at 
the  same  time  so  that  the  opening  in  the  centre  is  a  circle. 

We  find  that  j^  is  nearly  constant  for  different  deflections  with 

the  same  position  of  the  quadrants,  but  it  increases  in  value  as  the 
quadrants  are  moved  out,  when,  as  is  known,  the  sensibility  of  the 
instrument  (the  charge  in  the  jar  being  constant)  is  also  increased. 
K  S  be  measured  after  one  hour,  then,  when  the  quadrants  are 

nearly  touching,  j^  equals  -xV >  *^<i  when  the  quadrants  are  at  their 

usual  position  jz  equals  ^. 

When  all  the  quadrants  are  connected  together  and  the  electro- 
meter is  slightly  tilted,  the  zero  instantly  suffers  a  great  change, 
but  if  the  instrument  be  left  tilted  the  zero  moves  back  towards 
the  position  it  had  before  tilting,  this  return  motion  of  the  zero 
being  rapid  at  first  and  very  slow  towards  the  end. 

W.  E.  Ayrton. 
John  Perry. 

The  Imperial  (College  of  Engineering, 
Tokei,  Japan. 

2x2 


484  ORIGINAL  COMMUNICATIONS. 


ON  A  NEW  MODE  OF  STUDYING  EARTH  CURRENTS 
AND  THE  VARIATIONS  IN  TERRESTRIAL 

MAGNETISM. 

A  very  small  magnet  with  attached  mirror  is  suspended  by  a 
single  fibre  of  silk.  Exactly  underneath  this  magnet,  but  about 
four  inches  below  it,  is  suspended  by  a  few  fibres,  a  much  larger 
magnet,  with  copper  dampers  applied  in  the  usual  way. 

Things  being  thus  arranged,  it  is  evident  that  the  small  magnet 
is  nearly  in  an  astatic  state  as  regards  the  earth's  directive  force, 
whereas  the  large  magnet  is  scarcely  affected.  If  now  the  daily 
variations  of  the  suspended  magnet  are  due  to  changes  in  the 
directive  force  of  the  earth  as  a  whole,  in  other  words  changes  in  the 
direction  of  the  terrestrial  lines  of  force,  both  magnets  will  be 
equally  affected  by  such  variations,  consequently  the  variations  of 
the  small  magnet  will  be  no  greater  in  consequence  of  its  astatic 
condition  than  they  would  be  if  the  lower  magnet  were  removed. 
If,  on  the  contrary,  the  daily  variations  are  due,  not  to  changes  in 
the  direction  of  the  terrestrial  lines  of  force,  but  to  the  action  of 
local  causes,  such  as  earth  currents,  we  shall  have  the  daily  varia- 
tions largely  magnified.  I  had  an  instrument  of  the  form  described 
above  constructed  about  two  years  ago,  and  for  a  considerable 
time  had  half-hourly  readings  taken,  simultaneously,  of  the  posi- 
tion of  the  small  magnet  of  the  earth  currents  in  a  line  running 
due  north  and  south,  and  of  the  position  of  a  magnet  in  a  magneto- 
meter constructed  on  Gauss's  principle.     I  found, 

1st,  That  the  variations  of  the  small  magnet  of  the  astatic 
magnetometer  were  greatly  amplified  ; 

2nd,  That  the  variations  agreed  entirely  neither  with  those  of 
the  earth  currents  nor  with  those  of  the  ordinary  magnetometer ; 

3rd,  They  were  generally  much  more  regular  than  the  variations 
of  the  earth  currents. 

After  I  had  been  sometime  at  work  with  this  instrument  I  found 
that  a  method  of  observing  of  a  somewhat  similar  nature  had  been 
practised  many  years  ago  by  Messrs.  Barlow  and  Christie  ;  but  the 
method  they  used  differed  in  this  important  point  from  mine :  in 
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theirs  the  large  magnet  was  fixed,  whereas  in  mine  it  is  freely  sus- 
pended. When  the  magnet  is  fixed  the  slightest  change  in  the 
direction  of  the  lines  of  force  of  the  earth  will  make  a  large 
alteration  in  the  position  of  the  small  magnet,  just  as  the  slightest 
alteration  in  the  position  of  the  large  magnet,  relatively  to  the  lines 
of  force  of  the  earth,  will  cause  a  large  angular  displacement  of  the 
small  one.     We  are  not  able  therefore  by  using  a  fixed  magnet. 


Fig.l. 

after  the  method  of  Barlow  and  Christie,  to  separate  the  effect  of 
local  actions  from  that  of  the  variations  in  the  directive  force  of  the 
earth ;  nevertheless  there  is  an  important  result  to  be  gathered 
from  their  observations,  which  may  not  be  generally  known. 

These  able  observers  were  not  content  with  observing  the  varia- 
tions of  the  astatic  needle  in  the  position  of  the  magnetic  meridian, 
but  observed  them  also  in  a  number  of  other  positions,  the  magnet 
being  deflected  from  its  north  and  south  position  by  a  third  magnet. 
They  thus  found  that  the  amplitude  of  the  variations  differed  in 
different  azimuths,  and  they  further  determined  that  the  position 


OBIQINAI.  COMUTJinCATIOMS. 


in  which  the  amplitude  was  greatest  was  that  ehowii  in  the  follow- 
ing diagram,  which  is  copied  from  Barlow's  paper  on  Magnetism 
in  the  Encyclopaedia  Metropolitans. 

If  now  this  diagram  be  compared  with  the  following,  which  is 
copied  from  0.  V.  Walker's  diagram,  showing  the  direction  of 
maximum  earth  cwrents  (Philosophical  Transactions  for  the  year 
1861,  vol.  151,  part  L),  it  will  be  seen  that  the  position  of  n 


Fig.  2. 

variation   of  the   astatic  needle,   as   determined   by   Bai'low   and 

Christie,  corresponds  very  nearly  with  the  direction  of  ma^iimmn 
earth  cm-rents  as  determined  by  Walker,  years  later,  and  as  repre- 
sented by  the  line  R  R'  in  his  figure. 
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DESCRIPTION  OF  SIR  CHARLES  WHEATSTONE'S 

AUTOMATIC  INSTRUMENT. 

By  Captain  V.  Hoskioeb,  Royal  Danish  Engineers. 

\^8vJmwtted  to  and  approved  of  hy  the  late  Sir  Charles  Wheatstone  previon^  to 

his  demise.'] 

L — Description  of  the  Instrument. 

The  paper  ribbon  is  prepared  by  an  instrument  called  the  per- 
forator or  puncher  with  three  levers,  of  which  that  to  the  left-hand 

side  produces  three  holes  (  g  )  at  right  angles  to  the  paper-ribbon, 

for  a  dot;  the  right-hand  side  lever  produces  four  holes  (%) 
diagonally,  for  a  dash ;  and  the  middle  lever  produces  a  small  hole 
(o)  in  the  centre  of  the  paper-ribbon,  for  spaces  between  the  letters. 
The  holes  in  the  centre  of  the  ribbon  form  a  kind  of  rack,  by 
means  of  which  the  ribbon  is  carried  forward,  that  is  to  say,  the 
teeth  of  a  revolving  star- wheel  penetrate  into  the  rack-holes.  The 
dot  and  dash  levers  act  also  upon  the  centre  lever,  which  produces 
the  middle  row  or  rack.  The  lever  keys  are  struck  with  brass  or 
iron  punching  sticks,  furnished  at  the  lower  end  with  pieces  of  india- 
rubber,  or  they  are  worked  by  compressed  air ;  in  the  latter  case 
the  punching  is  performed  by  means  of  three  keys,  whose  touch  is 
as  light  as  those  of  a  pianoforte. 

The  transmitter  is  driven  by  clockwork  with  a  weight,  and  its 
speed  can  be  adjusted  between  12  and  120  words  per  minute.  The 
perforated  ribbon  is  carried  forward  by  a  small  star-wheel,  driven 
by  the  same  clockwork.  The  perforated  ribbon  is  pressed  against 
the  star-wheel  by  means  of  a  friction-roller  with  grooves,  which 
are  meant  to  permit  the  needles  to  pass  freely  through  the  dot  and 
dash  holes  of  the  ribbon,  and  to  enable  the  teeth  of  the  star-wheel 
to  penetrate  sufficiently  into  the  rack-holes. 

On  the  ebonite  rooking  beam  Vj,  kept  in  motion  by  the  clockwork, 
there  are  two  contact  studs  a  and  6,  of  which  a  is  in  connection 
with  earth,  and  b  with  the  disc  D.  Under  the  studs  lie  the  levers 
A  and  B,  pivoted  independently,  but  in  metallic  connection  with 
each  other  through  the  spiral  springs  F  and  the  frame  of  the  in- 
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struinent,  and  pressed  upwards  against  the  contacts   by  raeai 
the  spiral  springs. 

To  the  end  of  the  levers  A  and  B,  and  following  theix-  up-a 
down  movements,  are  attached  the  needles  M  and  S,  of  wliicl 
regulates  the  marking  current  and  S  the  spacing  current. 

These  needles  are  not  fixed  to  any  of  the  moving  parts  of 
instrument,  but  they  are  simply  forced  upwards  by  the  pressuri 
the  spiral  springs  upon  the  levers  A  and  B,  and  these  levers  remt 
in  contact  with  the  contact-studs  so  long  as  the  needJes  are  p< 
mitted  to  move  freely  up  and  down. 

The  needles  M  and  S  thus  determine  whether  the  connectic 
between  battery  and  line  shall  be  direct  and  with  full  power  or  no 
They  rise  alternately,  until  they  touch  the  perforated  ribbon ;  if  th 
needle  enters  a  hole,  the  current  goes  to  earth  with  foil  atrengih 
but  if  it  does  not  hit  upon  a  hole  its  motion  and  that  of  the  level 
is  stopped  by  the  paper,  and,  as  the  stud  on  the  rocking-beam  con- 
tinues to  rise,  contact  is  broken  between  the  stud  and  the  lever, 
and  when  this  takes  place  a  resistance  R  is  inserted  between  battery 
and  earth,  considerably  weakening  the  current  and  its  effect. 

As  the  rocking-beam  and  the  levers  oscillate,  the  disc  D  is 
pushed  from  one  side  to  the  other,  and  the  small  roller  E,  which  is 
fixed  on  a  spring,  jerks  it  over  after  it  has  been  pushed  over  the 
centre.     Two  pins  prevent  the  disc  from  being  pushed  any  further 
to  the  sides  than  needed.     The  disc  D  consists  of  an  ebonite  piece 
with  a  semi-circular  metal  piece  on  each  side.     On  each  half  is  a 
metal  stud  k  and  a  terminal  /,  through  which  copper  or  zinc  is  put 
m  connection  with  earth  or  line.     The  small  ebonite  piece  e  pre- 
vents the  lever  Z  from  coming  into  contact  with  the  lever  K,  and 
thus  putting  the  battery  on  short  circuit. 

In  fig.  1  zinc  is  in  connection  with  line  and  copper  with  eartli, 
in  fig.  3  copper  is  to  line  and  zinc  to  earth. 

When  the  instrument  is  in  the  position  shown  in  figs.  1  and  3, 
the  current  flows  through  the  lever  B,  the  springs  F,  the  fi-ame  of 
the  instrument,  and  the  lever  A,  direct  to  earth ;  but  when  the 
instrument  is  in  the  reverse  position,  where  one  of  the  needles  has 
been  opposed  in  its  rising  motion  by  the  paper  ribbon,  and  conse- 
quently the  contact  between  the  corresponding  lever  and  stud  on 
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struinent,  and  pressed  upwards  against  the  contacts   by  me 
the  spiral  springs. 

To  the  end  of  the  levers  A  and  B,  and  following  their  u 
down  movements,  are  attached  the  needles  M  and  S,  of  ^vhi 
regulates  the  marking  current  and  S  the  spacing  current. 

These  needles  are  not  fixed  to  any  of  the  moving  parts  oi 
instrument,  but  they  are  simply  forced  upwards  by  the  press 
the  spiral  springs  upon  the  levers  A  and  B,  and  these  levers  re 
in  contact  with  the  contact-studs  so  long  as  the  need]es  are 
mitted  to  move  freely  up  and  down. 

The  needles  M  and  S  thus  determine  whether  the  conneci 
between  battery  and  line  shall  be  direct  and  with  full  power  or 
They  rise  alternately,  until  they  touch  the  perforated  ribbon ;  if 
needle  enters  a  hole,  the  current  goes  to  earth  with  foil  stren 
but  if  it  does  not  hit  upon  a  hole  its  motion  and  that  of  the  le 
is  stopped  by  the  paper,  and,  as  the  stud  on  the  rocking-beam  c 
tinues  to  rise,  contact  is  broken  between  the  stud  and  the  lev* 
and  when  this  takes  place  a  resistance  B  is  inserted  between  battel 
and  earth,  considerably  weakening  the  current  and  its  effect.         '^ 

As  the  rocking-beam  and  the  levers  oscillate,  the  disc  D 
pushed  fipom  one  side  to  the  other,  and  the  small  roller  E,  which 
fixed  on  a  spring,  jerks  it  over  after  it  has  been  pushed  over 
centre.     Two  pins  prevent  the  disc  from  being  pushed  any  fiirth 
to  the  sides  than  needed.     The  disc  D  consists  of  an  ebonite  pi 
with  a  semi-circular  metal  piece  on  each  side.     On  each  half  is  fl 
metal  stud  k  and  a  terminal  /,  through  which  copper  or  zinc  is  put 
in  connection  with  earth  or  line.     The  small  ebonite  piece  e  pre-  "^ 
vents  the  lever  Z  from  coming  into  contact  with  the  lever  K,  and  | 
thus  putting  the  battery  on  short  circuit 

In  fig.  1  zinc  is  in  connection  with  line  and  copper  with  eartii, 
in  fig.  3  copper  is  to  line  and  zinc  to  earth. 

When  the  instrument  is  in  the  position  shown  in  iigs.  1  and  3, 
the  current  flows  through  the  lever  B,  the  springs  F,  the  frame  of 
the  instrument,  and  the  lever  A,  direct  to  earth ;  but  when  the 
instrument  is  in  the  reverse  position,  where  one  of  the  needles  has 
been  opposed  in  its  rising  motion  by  the  paper  ribbon,  and  conse- 
"'Tcntly  the  contact  between  the  corresponding  lever  and  stud  on 
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struinent,  and  pressed  upwards  against  the  contacts  by 
the  spiral  springs. 

To  the  end  of  the  levers  A  and  B,  and  following  theix* 
down  movements,  are  attached  the  needles  M  and  S,  of 
regulates  the  marking  current  and  S  the  spacing  current- 

These  needles  are  not  fixed  to  any  of  the  moving  pa: 
instrument,  but  they  are  simply  forced  upwards  by  the 
the  spiral  springs  upon  the  levers  A  and  B,  and  these  levers 
in  contact  with  the  contact-studs  so  long  as  the  needles 
mitted  to  move  freely  up  and  down. 

The  needles  M  and  S  tlms  determine  whether  the  coi 
between  battery  and  line  shall  be  direct  and  with  full  power 
They  rise  alternately,  imtil  they  touch  the  perforated  ribbon 
needle  enters  a  hole,  the  current  goes  to  earth  w^ith  full  si 
but  if  it  does  not  hit  upon  a  hole  its  motion  and  that  of 
is  stopped  by  the  paper,  and,  as  the  stud  on  the  rocking-bei 
tinues  to  rise,  contact  is  broken  between  the  stud  and  the 
and  when  this  takes  place  a  resistance  R  is  inserted  between 
and  earth,  considerably  weakening  the  current  and  its  effect. 

As  the  rocking-beam  and  the  levers  oscillate,  the  dise] 
pushed  from  one  side  to  the  other,  and  the  small  roller  £,  wl 
fixed  on  a  spring,  jerks  it  over  after  it  has  been  pushed 
centre.     Two  pins  prevent  the  disc  from  being  pushed  any 
to  the  sides  than  needed.     The  disc  D  consists  of  an  ebonite 
with  a  semi-circular  metal  piece  on  each  side.     On  each  b 
metal  stud  k  and  a  terminal  /,  through  which  copper  or  zinc 
in  connection  with  earth  or  line.     The  small  ebonite  piece  e 
vents  the  lever  Z  from  coming  into  contact  with  the  lever  K|| 
thus  putting  the  battery  on  short  circuit. 

In  fig.  1  zinc  is  in  connection  with  line  and  copper  with  ei 
in  fig.  3  copper  is  to  line  and  zinc  to  earth. 

When  the  instrument  is  in  the  position  shown  in  figs.  1 
the  current  flows  through  the  lever  B,  the  springs  F,  the  fii 
the  instrument,  and  the  lever  A,  direct  to  earth;  but  when 
instrument  is  in  the  reverse  position,  where  one  of  the  needles 
been  opposed  in  its  rising  motion  by  the  paper  ribbon,  and  coi 
quently  the  contact  between  the  corresponding  lever  and  stud 
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strument,  and  pressed  upwards  against  the  contacts  by 
the  spiral  springs. 

To  the  end  of  the  levers  A  and  B,  and  following  theLr 
down  movements,  are  attached  the  needles  M  and  S,  of 
regulates  the  marking  current  and  S  the  spacing  current. 

These  needles  are  not  fixed  to  any  of  the  moving  pari 
instrument,  but  they  are  simply  forced  upwards  by  the  pj 
the  spiral  springs  upon  the  levers  A  and  B,  and  these  lever* 
in  contact  with  the  contact-studs  so  long  as  the  needles 
mitted  to  move  freely  up  and  down. 

The  needles  M  and  S  thus  determine  whether  the  eo3 
between  battery  and  line  shall  be  direct  and  with  full  power? 
They  rise  alternately,  until  they  touch  the  perforated  ribbon  | 
needle  enters  a  hole,  the  current  goes  to  earth  with  full  si 
but  if  it  does  not  hit  upon  a  hole  its  motion  and  that  of 
is  stopped  by  the  paper,  and,  as  the  stud  on  the  rocking-bea^ 
tinues  to  rise,  contact  is  broken  between  the  stud  and  thej 
and  when  this  takes  place  a  resistance  R  is  inserted  between 
and  earth,  considerably  weakening  the  current  and  its  effect.  | 

As  the  rocking-beam  and  the  levers  oscillate,  the  dh 
pushed  from  one  side  to  the  other,  and  the  small  roller  E,  w3 
fixed  on  a  spring,  jerks  it  over  after  it  has  been  pushed  01 
centre.     Two  pins  prevent  the  disc  from  being  pushed  any 
to  the  sides  than  needed.     The  disc  D  consists  of  an  ebonite! 
with  a  semi-circular  metal  piece  on  each  side.     On  each 
metal  stud  k  and  a  terminal  /,  through  which  copper  or  zinc 
m  connection  with  earth  or  line.     The  small  ebonite  piece  e\ 
vents  the  lever  Z  from  coming  into  contact  with  the  lever  K^ 
thus  putting  the  battery  on  short  circuit. 

In  fig.  1  zinc  is  in  connection  with  line  and  copper  with 
in  fig.  3  copper  is  to  line  and  zinc  to  earth. 

When  the  instrument  is  in  the  position  shown  in  figs.  1 
the  current  flows  through  the  lever  B,  the  springs  F,  the  fi'ai 
the  instrument,  and  the  lever  A,  direct  to  earth;  but  when 
instrument  is  in  the  reverse  position,  where  one  of  the  needles 
been  opposed  in  its  rising  motion  by  the  paper  ribbon,  and  coi 
quently  the  contact  between  the  corresponding  lever  and  stud 
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strument,  and  pressed  upwards  against  the  contacts  by  means  of 
the  spiral  springs. 

To  the  end  of  the  levers  A  and  B,  and  following  their  up-and- 
down  movements,  arc  atti\ched  the  needles  M  and  S,  of  which  M 
regulates  the  marking  current  and  S  the  spacing  current. 

These  needles  are  not  fixed  to  any  of  the  moving  parts  of  the 
instrument,  but  they  are  simply  forced  upwards  by  the  pressure  of 
the  spiral  springs  upon  the  levers  A  and  B,  and  tliese  levers  remain 
in  contact  with  the  contact-studs  so  long  as  the  needles  are  per- 
mitted to  move  freely  up  and  down. 

The  needles  M  and  S  thus  determine  whether  the  connection 
between  battery  and  line  shall  be  direct  and  with  full  power  or  not. 
They  rise  alternately,  until  they  touch  the  perforated  ribbon ;  if  the 
needle  enters  a  hole,  the  current  goes  to  eai*th  with  full  strength, 
but  if  it  does  not  hit  upon  a  hole  its  motion  and  that  of  the  lever 
is  stopped  by  the  paper,  and,  as  tlie  stud  on  the  rocking-beam  con- 
tinues to  rise,  contact  is  broken  between  the  stud  and  the  lever, 
and  when  this  takes  place  a  resistance  R  is  inserted  between  battery 
and  earth,  considerably  weakening  the  current  and  its  effect. 

As  the  rocking-beam  and  the  levers  oscillate,  the  disc  D  is 
pushed  from  one  side  to  the  other,  and  the  small  roller  E,  which  is 
fixed  on  a  spring,  jerks  it  over  after  it  has  been  pushed  over  the 
centre.  Two  pins  2}revent  the  disc  from  being  pushed  any  further 
to  the  sides  than  needed.  The  disc  D  consists  of  an  ebonite  piece 
with  a  semi-circular  metal  piece  on  each  side.  On  each  half  is  a 
metal  stud  k  and  a  terminal  /,  through  which  copper  or  zinc  is  put 
ui  connection  with  earth  or  line.  The  small  ebonite  piece  e  pre- 
vents the  lever  Z  fi'om  coming  into  contact  with  the  lever  K,  and 
thus  putting  the  battery  on  short  circuit. 

In  fig.  1  zinc  is  in  connection  with  line  and  copper  with  earth, 
in  fig.  3  copper  is  to  line  and  zinc  to  earth. 

When  the  instrument  is  in  the  position  shown  in  figs.  1  and  3, 
the  current  flows  through  the  lever  B,  the  springs  F,  the  frame  of 
the  instrument,  and  the  lever  A,  direct  to  earth ;  but  when  the 
instrument  is  in  the  reverse  position,  where  one  of  the  needles  has 
been  opposed  in  its  rising  motion  by  the  paper  ribbon,  and  conse- 
quently the  contact  betAveen  the  corresponding  lever  and  stud  on 
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the  rocking-beam  broken,  the  current  must  go  through  the  resist- 
ance R  to  earth. 

The  receiver y  the  -speed  of  which  can  be  adjusted  between  12  and 
120  words  per  minute,  like  the  transmitter,  is  represented  in  fig.  2. 
When  the  switch  S'  is  in  the  position  shown  in  the  diagram,  the 
received  current  passes  through  the  bell ;  but  when  the  switch  is 
put  upon*the  contact  C  the  coils  of  the  electro-magnets  are  in  circuit 
and  a  small  writing  disc  is  set  in  motion.  The  clock-work  of  the 
instrument,  driven  by  a  strong  spring,  acts  upon  a  larger  disc  with 
a  groove,  which  dips  into  a  reservoir  of  ink,  and  its  groove  being 
supplied  by  capillary  attraction,  the  smaller  disc  takes  its  supply 
from  the  larger  one  without  any  friction  against  it. 


-m-n 


s 


Fig.  6. 


Fig.  4. 

The  current  to  the  down  line  passes  through  the  galvanometer, 
and  the  deflection  on  it  shows  if  there  is  good  connection  with  the 

cable. 

The  receiver  can  be  regulated  for  a  stronger  or  weaker  current 
by  means  of  the  contrivance  shown  in  figs.  4  and  5.     Fig.  6  is  a 
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perforated  ribbon  with  the  letters  A,  B,  and  0  ready  for  trans- 
mission. 

PERFORATED    RIBBON. 
MARKINC  CURRCNrs(M'A 


RACK 
SPAO NO  CURRENTS  (S) 


GO        O     OOO    O     OO     O 

OOOOOO    OOOOO   OOO   coooo   o   o 

o   o      oooo    .00    00 


Fig.  6. 

In  fig.  7  is  shown  a  perforated  ribbon  with  the  letters  A,  I,  and 
T,  and  if  these  letters  are  sent  the  currents  will  flow  as  follows : — 

First,  the  marking-needle  M  passes  through  the  hole  I  in  the 
perforated  ribbon^  putting  zinc  to  line  and  copper  to  earth,  as  in 
fig.  1.  This  current  acts  upon  the  armature  of  the  receiver  in  a 
direction  to  press  ihe  writing  disc  against  the  Morse  slip,  and  the 
dot  has  been  commenced.  Now  the  spacing-needle  S  rises  through 
the  hole  2  in  the  perforated  ribbon,  putting  copper  to  line  and  zinc 
to  earth  as  in  fig.  3,  and  this  reversed  curi^ent  acts  upon  the 
armature  so  as  to  take  the  writing  disc  away  from  the  Morse  slip, 
and  the  dot  is  finished. 

To  commence  the  dash,  the  marking-needle  again  rises  thi'ough 
the  hole  3,  putting  zinc  to  line  and  copper  to  earth  as  in  fig.  1. 
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Fig.  7. 

The  spacing-needle  now  rises,  but  as  it  does  not  hit  upon  a  hole 
in  the  paper  at  4  (fig.  7)  the  rod  H  does  not  push  the  dice  D  over, 
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and  as  the  roddng-beam  V  continues  its  rocking  motion  the 
position  will  be  such  as  to  place  zinc  to  line  and  copper,  through 
the  resistance  R,  to  earth,  and  consequently  a  current  of  less 
strength  passes  to  line.  Again  the  marking-needle  rises,  but  as  it 
is  opposed  by  the  paper  at  5  (fig.  7)  the  disc  D  is  not  pushed  over 
and  the  direction  of  the  current  is  not  altered. 

At  last  when  the  spacing-needle  rises  through  the  hole  6,  putting 
copper  to  line  and  zinc  to  earth,  as  in  fig.  3,  the  dash  is  finished. 

The  marking-needle  now  rises  without  touching  upon  a  hole  at 
7,  the  disc  D  is  not  pushed  over,  and,  as  the  rocking-beam  V  con- 
tinues its  motion,  the  position  will  be  such  as  to  place  copper  to  line, 
and  zinc,  through  the  resistance,  to  earth. 

IL — How  TO  CLEAN  THE  INSTRUMENT. 

Every  morning  the  clerk  in  charge  of  the  instrument  should 
subject  it  to  a  thorough  outer  cleaning,  by  means  of  duster,  brush, 
and  washleather.  The  contacts  should  be  cleaned  by  an  experienced 
hand  only.  Paper  dust  in  the  slit  under  the  star- wheel  and  round 
the  top  of  the  needles  must  be  removed  with  a  fine  brush. 

To  clean  the  inside  of  the  instrument  it  must  be  taken  to  pieces, 
but  previous  to  this  the  proper  position  of  all  difierent  parts  of  the 
instrument  should  be  very  carefully  noted. 

All  steel  parts  are  to  be  cleaned  with  washleather.  All  pivot 
holes  to  be  cleaned  with  hardwood  and  then  oiled.  All  other 
parts,  subject  to  friction,  should  be  oiled  as  well.  K  there  is  any 
brass-coating  on  the  pivots  it  should  be  carefully  removed  with  a 
little  emery  paper. 

Wheels,  axles,  &c.,  are  cleaned  w^ith  brush,  soap,  and  cold 
water,  then  dipped  into  dilute  spirits  of  wine,  rubbed  with  fine  dry 
sawdust,  and  finally  brushed  with  a  dry,  clean  brush;  or  still  better, 
brush  the  parts  in  dilute  spirits  of  wine,  clean  the  teeth  with  card- 
board, and  finally  brighten  with  chalk,  brush,  and  wash-leather. 

The  contacts  are  cleaned  as  follows: — Dust  them  with  a  soft 
brush  and  observe  that  no  hairs  of  the  brush  are  left  between  or 
about  the  contacts,  then  scrape  lightly  with  a  blunt  pen-knife.  It 
should  be  remembered  that  the  contacts  must  never  be  scraped 
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with  a  sharp  instrument,  as  this  would  soon  wdar  away  the 
platinum. 

The  pen-knife,  or  whatever  else  may  be  used,  should  at  the  same 
time  act  as  a  scraper  and  a  burnisher. 

When  the  transmitter  is  to  be  taken  to  pieces,  first  remove  from 
the  front  side  of  the  instrument 

1.  One  end  of  each  of  the  spiral  springs  which  press  the  levers 

against  the  studs  of  the  rocking-beam. 

2.  Tlie  small  ring,  which  is  fixed  upon  the  main  axle. 

3.  The  pressing-down  roller. 

4.  The  star-wheel,  and 

5.  The  stopper. 

When  this  is  done,  place  the  instrument  on  its  back,  take  out 
the  four  main  screws,  lift  the  front  wall,  but  with  great  care,  and, 
if  necessary,  loosen  the  two  screws  which  fasten  the  instrument 
upon  the  mahogany  base. 

When  everything  has  been  well  cleaned,  and  it  is  ascertained  that 
the  switch  underneath  the  instrument  is  in  proper  working  order, 
put  all  parts  in  their  right  place,  put  on  the  front  side,  and  with  care 
guide  every  pivot  into  its  corresponding  hole. 

When  a  receiver  is  to  be  taken  to  pieces,  first  take  ofi^  the  ink- 
reservoir,  and  all  working  parts  on  the  outside  of  the  front ;  as  the 
working  disc  and  the  grooved  wheel  are  not  fixed  with  screws  on 
their  axles,  they  are  easily  removed  by  means  of  a  pair  of  plyers. 
When  this  is  done,  place  the  instrument  on  its  back,  loosen  the 
wires  to  and  from  the  electro-magnets,  and  finally  take  out  and 
clean  the  different  parts. 

The  construction  of  the  puncher,  the  bell,  and  the  key  is  so 
simple,  and  they  are  so  easily  taken  to  pieces  and  put  together 
again,  that  any  particular  advice  on  this  behalf  must  be  considered 
unnecessary.     Carefulness  and  patience  only  are  required. 

III. — How  TO  WORK,  REPA.IR,  AND  REGULATE  THE  INSTRUMENT. 

A. — TJie  Puncher. 

The  punching  clerk  should  work  with  a  light  and  springy  stroke. 
It  is  often  found  that,  when  one  clerk  considers  a  puncher  quite 
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workable,  another  declares  it  to  be  useless,  and  tlie  only  reason  for 
this  difiPerence  of  opinion  is  that  the  first  clerk  is  a  more  experienced 
and  more  clever  worker  than  the  latter. 

The  punching  clerk  should,  witliout  fail,  check  the  marks  he  pro- 
duces on  the  paper  ribbon,  and  immediately  correct  any  mistakes 
he  detects.    This  checking  must  go  on  together  with  the  punching. 

The  punching  clerk  should  ascertain  that  the  wheel  carrying  the 
paper-roll  inside  the  deck  of  the  perforator  moves  round  easily, 
that  the  cover  of  the  box  does  not  touch  the  paper  roll,  and  that 
the  ribbon  passes  unopposed  to  the  front  of  the  puncher.  In  cutting 
the  paper  into  discs  the  edges  are  sometimes  turned  over,  which 
causes  the  uncoiling  to  be  difficult.  To  remedy  this,  take  the 
paper  disc  and  push  its  middle  part  out  of  place  each  way,  then 
flatten  it  again. 

If  it  be  found  that  the  paper  slip  does  not  advance  properly  in 
punching  put  more  strain  upon  the  back  spring  by  means  of  the 
two  fixing  screws.  It  must  be  observed  that  the  spring,  which 
through  the  grooved  steel  wheel  presses  the  jerking  lever  against 
the  star-wheel,  is  properly  regulated ;  if  it  presses  too  lightly,  it 
weakens  the  force  of  the  mainspring,  so  that  this  cannot  move  the 
star-wheel  and  the  paper  forward ;  if  not  tight  enough,  the  jerking 
lever  is  pushed  forward  without  moving  the  star- wheel,  and  con- 
sequently the  ribbon  would  stop  as  well. 

When  the  distance  between  the  holes  in  the  upper  or  lower  row 
on  the  ribbon  is  uneven,  regulate  the  stud  affixed  at  the  left-hand 
side  of  the  punchers  (the  pins).  The  stud  itself  is  firm,  but  the 
brass  piece  which  holds  it  is  movable. 

When  the  ribbon  is  jerked  forward  one  space  only,  instead  of 
two,  after  the  dash  lever  is  struck,  shorten  slightly  (by  bending)  the 
rod,  which  connects  the  dash  lever  with  the  crooked  stopping  lever. 

When  the  ribbon  is  jerked  forward  two  spaces  instead  of  one, 
only  by  striking  the  dot  lever  or  the  space  lever,  the  connecting 
rod  should  be  stretched  a  little. 

In  this  case,  however,  the  fault  might  be  due  to  a  rather  tight 
pivoting  of  the  crooked  lever,  or  the  small  screw  which  joins  the  con- 
necting rod  to  the  crooked  lever  may  be  out  of  order  by  being  rusty, 
too  tight,  or  the  like.    This  of  ooiorse  should  be  attended  to  as  well. 
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B. — The  Transmitter. 

This  instrument  is  the  most  delicate  and  complicated  part  of 
Wheatstone's  automatic  apparatus,  and  should  therefore  be  treated 
with  the  utmost  care. 

The  winding-up  should  not  be  done  in  sudden  jerks,  as  this 
would  endanger  the  chain. 

The  stopper  should  not  be  turned  abruptly,  or  struck  from  one 
side  to  the  other,  but  gently  put  in  the  position  required. 

When  the  instrument  does  not  start  running  immediately  after 
the  switch  has  been  put  on  "  send,"  it  should  not  be  forced  to  do 
so.  A  gentle  turn  or  two  of  the  pressing  down  wheel  will  generally 
have  the  desired  effect,  but,  if  not,  the  instrument  should  be 
examined  to  find  out  the  cause. 

The  chain  should  not  fall  upon  the  mahogany  base  when  the 
instrument  is  wound  up. 

All  contacts  should  be  cleaned  every  morning. 

When  a  transmitter  stops,  the  cause  is  generally  one  of  the 
following : — 

1.  Dili;  in  the  pivot-holes,  &c.     To  clean  this  properly  the  instru- 

ment must  be  taken  to  pieces. 

2.  Oil,  dirt,  &c.,  on  the  friction  discs.     In  this  ease  the  clock- 

work runs  very  unevenly,  because  the  flywheel  does  not 
move  along  with  the  other  parts.  The  friction  discs  should 
be  cleared  carefully  with  wash  leather,  which  may  be  done 
without  taking  the  instrument  to  pieces. 

3.  Want  of  oil,  which  causes  the  clockwork  to  run  with  a  whiz- 

zing noise.  In  such  a  case  apply  a  drop  of  oil  to  each  of 
the  small  pivot-holes,  which  are  found  outside  the  instru- 
ment around  most  of  the  pivots  and  the  bearings  of  the  fly, 
and  at  the  same  time  put  the  clockwork  to  run  at  its  highest 
speed. 

4.  The  axle  of  the  pressing  down  wheel  being  dry  or  dirty,  so 

that  the  wheel  when  lifted  up  from  the  ribbon  by  depressing 
the  opposite  end  of  the  frame  does  not  run  freely  for  a  good 
while,  after  once  being  started.     Take  off  the  wheel,  clean 
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the  pivots  and  the  pivot-holes  well,  and  apply  a  drop  of  oil, 
but  be  sure  not  to  turn  the  wheel  over,  as  each  pivot  seldom 
fits  both  holes. 

5.  Paper  rubbish  on  or  about  the  star-wheel,  which  prevents  the 

needles  from  passing  fi'eely  up  and  down.  If  the  slits  are 
quite  choked  with  rubbish',  the  instruments  will  stop  alto- 
gether, and  this  of  course  can  soon  be  seen  and  remedied. 

It  is  more  dangerous,  however,  if  the  slits  are  not  quite 
filled  up,  as  the  clockwork  then  may  still  run,  but  the 
needles  being  slightly  obstructed  the  levers  will  not  be  able 
to  follow  the  movements  of  the  rocking-beam,  and  conse- 
quently the  contacts  between  battery  and  earth  are  uncer- 
tain, and  the  signals  will  be  lost  After  removing  the  top 
of  the  front  part  of  the  instrument,  the  star- wheel  and  the 
slits  are  easily  cleaned. 

6.  The  pivot  of  the  fly-wheel  axle  having  drilled  a  hole  into  the 

diamond  (agate).  The  only  remedy  in  this  case  is  to  put 
on  another  spring  with  a  new  diamond. 

7.  The  chain  broken.     When  putting  the  chain  together  again 

it  must  not  be  twisted.     The  connecting  link  should  be 
annealed  before  bending  it,  and  tempered  again  afterwards. 
When  any  obstruction  is  felt  in  winding  up  the  weight,  the  cause 
mil  be  found  to  be  one  of  the  following : — 

1.  The  stopping  contrivance  at  the  back  of  the  instrument  does 

not  readily  siiik  down  as  the  weight  goes  down,  and  there- 
fore it  continues  to  stop.  For  a  single  time  the  stopper 
might  be  depressed  by  means  of  a  knife  or  the  like,  but  it 
is  advisable  to  have  the  contrivance  properly  cleaned  at 
once. 

2.  The  main  axle  dry,  dirty,  and  rusty.  First  remove  the  driving 

weight,  take  out  the  hole  wheel,  together  with  the  axle, 
from  behind  the  instrument,  theji  force  the  axle  out  of  the 
wheel,  if  needed  by  hammering ;  on  that  end  of  the  axle 
where  the  winding-up  handle  is  put  on,  but  before  using 
the  hammer,  all  rings,  screws,  &c.,  fixed  upon  the  axle  must 
be  taken  off. 

3.  When  winding  up  the  weight  the  chain  falls  upon  the  instru- 
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luent's  base,  instead  of  going  through  the  hole  intended  for 
it.  The  edge  of  the  hole  should  be  rounded  off,  so  as  to 
cause  no  obstruction,  but  at  the  same  time  it  should  be 
ascertained  that  the  forked  brass  piece  which  is  meant  for 
taking  the  links  off  the  cams  is  in  its  proper  position. 
The  transmitter  is  regulated  by  means  of— 

1.  The   two  screws  against  which  the  needles  M   and   S  are 

pressed. 

2.  The  spring  upon  which  the  roller  E  is  fixed. 

3.  The  two  insulating  collets  K,  K',  are  the  rods  H  and  H',  and 

4.  The  screw  above  the  ebonite  piece  e. 

It  is  to  be  observed  that  the  sideway  movements  of  the  disc  D 
should  resemble  the  writing  with  the  Morse  key,  and  be  in  accord- 
ance with  the  marks  on  the  perforated  ribbon. 

When  regulating  the  transmitter,  put  it  in  circuit,  with  a  good 
receiver,  and  a  few  cells. 

C. — The  Heceiver, 

This  instrument  is  not  quite  so  complicated  as  the  transmitter, 
but  nevertheless  it  ought  to  be  handled  with  care.  The  winding 
up  should  be  done  without  jerking. 

If  the  clockwork  does  not  start  running  immediately  after  gently 
putting  the  stopper  into  the  proper  position,  a  slight  pull  at  the 
paper  slip  generally  has  the  desired  effect. 

It  should  be  ascertained  that  the  slip  is  drawn  out  of  the  box 
without  any  obstruction,  and  that  the  received  marks  are  imprinted 
on  the  convex  side  of  the  slip,  which  is  of  particular  importance 
when  the  received  slip  is  pasted  upon  the  message  form.  As  the 
paper  rolls  are  cut  after  being  wound  up,  and  consequently  the  cut 
starting  at  the  outside,  a  slight  bend  will  always  be  produced. 

When  the  clockwork  stops,  the  cause  will  be  found  to  be  similar 
to  that  which  is  pointed  out  for  the  transmitter.  The  clockwork 
may  stop,  because  the  oil  around  the  spring  (in  the  drum)  has  been 
used  up  or  has  become  dirty,  in  which  case  let  the  spring  run  out, 
take  off  the  front  wall  of  the  instrument,  when  the  drum  will 
readily  come  out,  then  unscrew  the  drum-cover  and  put  on  a  fresh 
supply  of  oil. 
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When  the  clockwork  cannot  be  wound  up,  the  cause  is  generally 
something  similar  to  what  has  been  said  about  the  transmitter,  but 
of  course  with  the  diflference  occasioned  by  the  receiver  being 
driven  by  a  spring,  and  the  transmitter  by  a  weight. 

The  receiver  is  regulated  by  means  of  the  two  small  regulating 
screws,  which  are  fixed  close  to  the  armature  of  the  electro- 
magnets and  the  bottom  of  the  instrument.  When  the  regulation 
takes  place,  the  receiver  should  be  in  circuit  with  a  good  trans- 
mitter and  a  few  cells.  It  is  to  be  observed  that  the  more  limited 
the  play  of  the  armature  the  more  delicate  is  the  instrument,  but 
of  course  only  up  to  a  certain  point.  If  the  play  of  the  armature 
is  too  little,  the  vibration  of  the  moving  clockwork  will  frequently 
cause  a  series  of  dots  to  be  printed  when  no  current  is  passing,  and, 
while  receiving,  this  catises  the  marks  to  run  together. 

D.—The  Bell 

The  bell  should  ^ing  after  four  reversals  from  one  cell  have  been 
brought  to  bear  upon  it.  The  regulation  is  performed  by  two 
regulating  screws,  as  with  the  receiver. 

1SL,—The  Keys. 

The  keys  can  be  divided  into  three  chief  groups,  viz. : — 
Keys  with  rubbing  contacts, 
„       „     spring        „  and 

„       „     piston         „ 
The  first-named  is  that  which  at  first  was  used  in  connection 
with  Wheastone's  automatic  instrument,  and  is  still  considered  the 
safest,  particularly  for  cable  work. 

The  key  is  easily  maintained  in  order,  as  the  only  thing  neces- 
sary is  to  see  that  the  contacts  are  clean  and  touch  at  the  proper 
time. 

Spabe  Articles  desirable  at  each  Station  for  Wheatstone's 

Automatic  Apparatus. 
For  the  Perforator : — 
J  dozen  star-wheels. 
4  India-rubber  washers. 
4  feet  India-rubber  for  punching  sticks. 
VOL.  v.  2  k 
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tor  the  Receiver : — 

I  drum  with  spring  and  axle. 

3  springs. 

3  stopping  contrivances  (brake  levers). 

1  dozen  springs  and  agates  for  the  fly-wheel, 
i      J,     small  axles. 

^      yj     chains. 

2  spirals  for  the  fly-wheel. 

3  writing  discs. 

3  larger  discs  with  grooves. 

For  the  Transmitter : — 

i  dozen  chains. 

4  „    star-wheels  to  move  the  perforated  paper-slip. 
2  spirals  for  the  fly-wheel. 

^  dozen  small  axles. 

1  „     springs  with  agates  for  the  fly-wheel. 
Platinum  for  Contacts. — Spiral  Springs  of  different  sizes. 

For  the  Bell : — 

2  sets  of  axles. 
4  springs. 

2  drums  with  axle. 


Shiraz,  Persia, 
To  the  Secretary,  20  July,  1876. 

Society  of  Telegraph  Engineers. 

Sir, — In  examining  the  discordant  results  contained  in  Mr. 
Graves's  paper  "  On  the  Internal  Resistance  of  Batteries  "  (vol.  ii. 
pp.  130 — 134),  I  find  that  they  are  due  to  an  oversight  in  working 
out  the  data  there  given. 

By  substituting  the  formula  a  ^  — .  ^  ox    («  being  the  shunt 

used  in  reproducing  the  deflection),  the  apparent  discrepancies 
will  disappear. 
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For  example,  take  the  first  line  in  each  set,  page  132,  for  shunts 
1  and  3  ohms  respectively : — 


12000 


xlx(5854  +  5'86)  ^  ^^^j  ^ 


5854  X  (5-86-1) 

2360x  3  X  (5854  +  5-86)  _      .^ 
5854  X  (5-86  -  3)        -  ^^^^• 

And  again,  page  133 — 

5600  X 1  X  (5854  +  5-86)  _ 

5854  X  (5-86  - 1)        "  ^^^"^ ' 

1100  X  3  X  (5854  +  5-86)  _  , . . . 
5854  X  (5-86  -  3)        -^1^^; 

the  results  in  each  case,  with  a  shunt  of  1  and  3  ohms,  being 

identical. 

Yours  faithfully, 

J.  J.  Fahie. 


To  the  Secretary,  Valentia,  October  25th,  1876. 

Society  of  Telegraph  Engineers. 

Sir, — In  reference  to  Mr.  Fahie's  communication,  permit  me  to 

:    state  that  when  I  made  those  experiments  in  1873  the  discrepancies 

in  the  results  were  so  striking  that  I  was  induced  to  send  them  to 

the  Society  in  the  hope  that  some  one  might  be  able  to  reconcile 

them. 

After  a  lapse  pf  upwards  of  three  years  Mr.  Fahie  has  kindly 
supplied  a  formula  which  completely  clears  the  ground,  and  recon- 
ciles apparent  contradictions,  and  it  is  satisfactory  to  have  thus 
proved  that  Nature's  laws  are  true,  however  erroneously  we  are 
liable,  at  times,  to  interpret  them. 

Yours  faithfully, 

J.  Graves. 


The  Eastern  Telegraph  Company  Limited, 
To  the  Secretary,  May  1st,  1877. 

Society  of  Telegraph  Engineers. 

Dear  Sir, — Please  allow  me  to  draw  your  attention  to  a  printer's 
error  which  appeared  in  the  Society's  Journal,  No.  XIII.  and  XIV. 

2k2 
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vol.  V.  page   254,  containing  my  paper  on  "  A  new  method  of 
taking  the  Loop  Test."     At  foot  of  page  254  you  will  find — 

--2B,B,     -Y--^-         2B,-B,"      ' 

instead  of  the  following,  which  it  should  have  been — 

The  mistake  being  in  the  small  figures  attached  to  r  and  R. 

I  should  feel  much  obliged  if  you  can  draw  attention  to  the  above 
in  your  next  number. 

I  am,  dear  Sir,  yours  faithfiilly, 

Andrew  Jamieson, 

Electrician. 

S.S  Chiltern,  Malta.  » 


BELL'S  TELEPHONE. 

With  the  object  of  stimulating  inquiry  into  the  means  of  im- 
proving the  telephone  of  Mr.  Bell,  which  is  the  most  beautiful 
adaptation  of  telegraphy  ever  made,  I  desire  to  draw  attention  to 
a  few  simple  methods  by  which  any  one  may  satisfy  himself  of  its 
practicability,  for  no  one  having  witnessed  its  performance  can  fail 
to  see  a  great  future  before  it. 

The  recorder  of  Sir  W.  Thomson  affords  a  ready  means  of 
speaking,  and  gives  out  such  clear  tones  as  to  make  the  listener  at 
first  involuntarily  look  for  the  speaker  behind  the  instrument  (who 
may  be  miles  away).  It  suffices  to  take  a  tube  two  inches  in 
diameter,  and  stretch  over  one  end  a  membrane  of  parchment  or 
thin  gutta-percha  (the  latter  is  less  affected  by  the  breath,  the  fi^rmer 
becoming  somewhat  flaccid  after  a  time).  To  the  centre  of  the 
membrane  cement  a  straw,  and  fix  the  tube  in  front  of  the  instru- 
ment; about  six  inches  from  the  "movable  coil  "  cement  the  other 
end  of  the  straw  to  the  coil  at  the  point  where  the  silk  fibre  is 
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usually  fixed ;  this  is  all  that  is  necessary  for  both  speaking  and 
receiving.    Six  or  eight  cells  on  the  electro-magnets  suffice. 

A  pair  of  these  tubes  may  also  be  connected  in  a  similar  manner 
with  the  tongues  of  two  polarised  relays.  The  tube  is  to  be  fixed 
in  a  convenient  position  at  right  angles  to  the  tongue,  and  the  free 
end  of  the  straw  cemented  to  the  tongue,  taking  care  that  the 
latter  is  fi^e  of  its  ordinary  contact  points.  No  battery  is  required 
for  speaking  with  this  arrangement. 

Or  a  pair  of  these  speaking  tubes  may  be  connected  with  the 
ordinary  armatures  of  any  instrument  or  relay,  and  a  cmTent  kept 
on  the  line.  The  armature  should,  however,  not  be  too  heavy,  and 
should  be  carefully  adjusted.  The  best  adjustment  gives  the  loudest 
sound.  In  sending,  be  careftd  the  armature  in  vibrating  does  not 
touch  the  cores  of  the  electro-magnet. 

A  plate  of  thin  iron,  such  as  is  used  for  stove  pipes,  fixed  to  an 
upright  board,  the  latter  hollowed  out  on  the  side  on  which  the 
plate  is  &stened,  and  a  hole  made  in  the  board  in  front  for  inserting 
a  convenient  tube  for  speaking,  may  be  used  as  an  armature,  and  a 
pair  of  coils  placed  in  front  of  the  iron  plate  through  which  a 
current  from  a  battery  is  flowing,  the  cores  to  be  adjusted  as 
close  as  possible  to  the  plate  ;  this  answers  for  sending  and  receiving. 
The  battery  need  not  be  strong ;  if  it  be  so,  the  armatures  have  to 
be  removed  further  away  from  the.  coils.  On  a  short  line  the 
resistance  of  the  coils  with  a  suitable  battery  is  of  little  im- 
portance. I  have  spoken  as. well  with  small  coils  of  3  ohms  as 
with  400  ohms. 

If  a  pair  of  coils  at  the  receiving  end  be  placed  on  a  violin,  and 
connected  to  the  line  on  which  there  is  a  permanent  current  and  a 
sending  instrument  as  above,  singing  and  speaking  into  the  tube  at 
the  distant  end  can  be  heard  by  placing  the  ear  to  the  violin.  The 
effect  is  exalted  by  laying  a  plate  of  iron  on  the  poles  of  the  electro- 
magnet. 

By  these  simple  means — and  they  are  selected  as  being  within 
the  reach  of  many — may  be  demonstrated  the  possibility  of  speak- 
ing over  miles  of  telegraph  line. 

The  sound  of  the  voice  in  the  tube  is  not  that  of  a  whisper  but  of 
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a  voice  at  a  distance — and  the  nearer  you  seem  to  bring  the  sound 
the  better  your  adjustment,  and  vice  versa. 

I  have  spoken  through  four  knots  of  buried  cable  without  sensi- 
ble diminution  of  effect. 

When  the  instrimients  are  not  well  adjusted  some  words  will 
come  clear  when  others  do  not,  and  I  have  found  the  sentence 
**  are  you  ready,"  pronounced  deliberately,  intelligible  when 
others  were  not. 

The  object'  to  be  sought  for  is  to  augment  the  strength  of  the 
variations  of  current.  At  present  it  is  limited  by  the  power  of 
the  voice  to  move  an  amaturo  or  coil,  and  unless  it  can  be  magni- 
fied  by  putting  in  play  a  reserve  of  force,  as  compressed  air,  Ac., 
improvement  cannot  go  far. 

The  most  hopeful  field  seems  to  be  the  efieoting  a  variation 
through  a  sensible  range  of  resistance  at  the  sending  end  to  varv 
the  sLgth  of  current  in  a  primary  coil  by  shunting  or  varyi^ 
the  resistance  of  a  battery  circuit-as  for  example  a  fine  wire 
inserted  more  or  less  in  mercury. 

Jno.  Qott. 

St.  Pierre,  Miquelon, 

March  24th,  1877. 
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TRANSMISSION  OF  MUSICAL  TONES  BY 

ELECTRICITY, 

Although  much  has  been  said  and  written  of  late  on  the  subject 
of  sound  transmission  by  electricity  and  its  application  to  tele- 
graphy, there  still  remains  much  of  interest  to  be  said. 

As  sound  transmission,  electrically,  is  likely  to  play  an  important 
part  in  the  telegraph  of  the  future,  it  will  be  of  interest  and  im- 
portance, especially  to  telegraphers,  to  have  an  intelligent  under- 
standing  of  the  principles  involved. 

As  fer  back  as  1837  Page  discovered  that  the  magnetisation  or 
demagnetisation  of  sofk  iron  was  accompanied  with  sound.  About 
the  same  time  Professor  Henry  studied  the  acoustic  effects  of  a 
galvanic  current  upon  an  electro-magnet,  and  determined  that  it 
was  due  to  the  elongation  and  contraction  of  the  iron,  and  not  the 
attraction  of  one  limb  of  a  horseshoe  magnet  for  the  other,  as  at 
first  supposed.  He  determined  this  by  making  a  straight  magnet 
produce  the  same  effect  as  the  horseshoe  shape. 

This  discovery  stimulated  research  among  the  scientific  men 
of  Europe  for  a  few  years,  but  without  making  any  great  advance 
in  the  science  of  telephony.  Wertheim's  apparatus  for  producing 
a  simple  tone  in  an  iron  rod  by  an  automatic  rheotone,  and  that  of 
Beis)  which  transmitted  tones  differing  in  pitch  by  means  of  a  dia- 
phragm thrown  in  vibration  by  the  voice,  were,  perhaps,  the 
furthest  advance  in  the  way  of  apparatus  in  that  line  until  within  a 
very  few  years.  They  were  used  as  mere  scientific  toys.  No 
attempt,  or  at  least  no  successfol  attempt,  was  made  to  adapt  this 
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discovery  to  any  of  the  useful  arts  or  industries.  In  fact^  further 
research  and  discovery  were  necessary  before  it  could  be  so 
adapted. 

Within  the  last  few  years  a  spirit  of  re-investigation  and  further 
discovery  has  started  up,  and,  as  in  the  first  instance,  it  starts  in 
our  own  country. 

As  above  stated,  before  this  principle  of  sound  transmission  could 
be  applied  economically  and  practically  for  telegraphic  purposes, 
there  remained  much  to  be  discovered  and  much  to  be  invented,  in 
the  way  of  details  of  apparatus  and  methods  of  connecting  the  same 
to  the  line  and  batteries,  as  well  as  the  discovery  of  more  funda- 
mental principles.  All  this  was  necessary  before  the  present 
capacity  of  the  system  was  attained — that  of  transmitting  eight 
messages  simultaneously  through  a  single  wire. 

This  result  has  been  accomplished  by  Elisha  Gray,  of  Chicago, 
an  electrician  of  large  experience  as  an  inventor  and  constructor  of 
electrical  and  telegraphic  apparatus. 

Propagation  of  a  Sound  Wave. 

Everyone  has  watched  the  expanding  ring  produced  by  a  pebble 
dropped  in  a  smooth  sheet  of  water.  Now,  imagine  a  globe  in 
the  air  starting  from  a  common  centre  and  expanding  uniformly 
in  every  direction  at  the  rate  of  1,100  feet  per  second,  and  you 
have  a  picture  of  the  air  when  a  single  sound  wave  or  pulse  passes 
in  the  ordinary  way.  The  wave  is  set  going  by  some  force  exer- 
cised at  the  starting  point,  as,  for  instance,  an  explosion.  The 
heated  centre  expands  violently  in  every  direction,  forcing  the  first 
layer  or  shell  of  air  particles  against  the  second,  which  in  turn 
delivers  up  its  blow  to  the  third,  and  so  on  to  infinity.  When  the 
shell  of  particles  next  the  tympanic  membrane  of  the  ear  is  reached 
it  vibrates  by  the  blow,  and  conveys  to  the  brain  the  sensation  of 
sound. 

An  aerial  wave  and  an  electrical  are  analagous  in  some  respects 
and  very  different  in  others.  As  we  have  intimated  before,  iron 
elongates  when  magnetized  and  shortens  when  demagnetized.  If, 
an  iron  rod,  surrounded  by  a  helix,  is  mounted  upon  a  sound-board 
and  magnetized  by  closing  a  battery  through  the  helix,  a  distinct 
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sound  will  be  heard.  This  is  occasioned  by  a  sadden  change  in  the 
length  of  the  iron  communicating  a  blow  to  the  sound-board,  which, 
by  reason  of  its  large  surface,  is  able  to  communicate  its  motion  to 
the  air,  which.conveys  it  to  the  ear,  as  before  described. 

Suppose  a  common  electric  magnet  to  be  mounted,  as  shown  in 
fig.  2,  upon  a  suitable  sounding  apparatus,  and  connected  in  a 
telegraphic  circuit — say  at  New  York,  while  at  the  other  end  of 
the  line — say  at^  Boston — is  placed  a  battery  and  a  common  tele- 
graphic key.  If  the  key  is  suddenly  closed  a  single  blow  will  be 
heard  at  New  York.  If  the  key  is  opened  another  blow  will  be 
heard ;  the  former  made  by  expansion,  and  the  latter  by  contraction 
of  the  iron  cores. 

It  will  be  observed  that  in  this  case  the  sound  is  not  transmitted 
mechanically  through  the  wire,  but  that  a  mechanical  motion  at 
the  sending  end  has  sent  an  electric  impulse  through  the  wire, 
which  has  been  converted  into  a  corresponding  mechanical  motion 
at  the  receivmg  end,  and  makes  its  impression  upon  the  eai-  in  the 
ordinary  way. 

A  noise  becomes  musical  when  it  is  repeated  uniformly  at  a 
definite  rate  per  second — not  less  than  sixteen,  or  it  may  be  many 
thousand.  The  pitch  of  any  musical  tone  is  determined  by  the 
number  of  vibrations,  or  the  number  of  periodic  repetitions  of  a 
single  sound-wave  per  second ;  the  greater  the  number  the  higher 
the  pitch. 

Keeping  these  facts  in  view,  it  will  be  plain  to  the  reader  that, 
if  the  operator  at  Boston  could  open  and  close  his  key  with  sufficient 
unifbrmiiy  and  periodiciiy — say  at  the  rate  of  one  hundred  closes 
per  second — a  musical  tone  would  be  heard  in  New  York  proceed- 
ing fi'om  the  magnet  mounted  upon  the  sound-board. 

Early  in  1874  Mr.  Gray  constructed  a  variety  of  transmitters 
for  sending  tones  of  varying  pitch ;  one  of  which  is  shown  in  fig.  1, 
and  a  detached  section  at  fig.  la.     We  give  his  own  description : 

**  Each  key  has  a  steel  reed  or  electrotome,  tuned  to  correspond 
to  its  position  in  the  musical  scale.  A  better  understanding  of  the 
operation  of  a  key  and  its  corresponding  electrotome  may  be 
obtained  by  referring  to  the  detached  section  shown  in  fig.  la. 

a  is  a  steel  reed  tuned  to  vibrate  at  a  definite  rate  corresponding 
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to  its  position  in  the  scale.  One  end  ia  rigidly  fixed  to  the  poet  b, 
while  the  other  end  is  left  tree,  and  is  actuated  hy  a  local  hattery. 
The  magnets  e  and  /  are  arranged  in  the  same  local  circuit,  magnet 
/having  a  resistance  of  abont  thirty  ohms,  and  magnet  e  ahont 
four  ohniB.  When  the  reed  a  is  not  in  vihration  the  point  G  is  in 
electrical  contact  with  it,  which  throws  a  shunt  wire  entirely  around 
the  magnet  /;  thus,  practically,  the  whole  of  the  local  onrrent 
passes  through  magnet  e  at  the  instant  of  closing  the  key  C.  It  is 
well  known  that  when  two  electro-magnets  are  placed  in  the  same 


Fig.  1- 


circuit  the  one  which  has  the  higher  resistance  (other  things  being 
equal)  will  develope  the  stronger  magnetism,  and  that,  if  the  magnet 
of  higher  resistance  bo  taken  out  of  the  circuit,  tlio  force  of  the 
other  will  be  increased.  When  the  key  C,  being  depressed,  closes 
the  local  circuit  at  d,  the  operation  of  the  reed  ia  as  follows :  The 
whole  of  the  current  from  battery  L  passes  through  the  magnet  e, 
which  attracts  tho  reed,  say  with  a  power  of  four.  Wlien  the  reed 
has  moved  towards  I  far  enough  to  leave  the  point  G,  the  shunt 
circuit  is  broken,  and  the  current  flows  tlirough  both  tho  magnets. 
Immediately  the  power  in  /  rises  from  zero  to  five,  and  that  of  e 
drops  from  four  to  one,  and  the  reed  is  attracted  towards /with  an 
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effective  force  of  fonr,  until  contact  is  again  established  with  the 
point  G.  The  operation  is  repeated  p.t  a  rate  determined  by  the 
size  and  length  of  the  reed,  and  which  corresponds  with  the  funda- 
mental of  the  note  it  represents.  The  figures  given  above  only- 
approximate  the  facts.  The  relation  of  the  magnets  as  to  size  and 
resistance,  so  as  to  give  an  equal  impulse  to  the  reed  in  both  direc- 
tions, was  determined  by  actual  experiment  with  a  battery  of  a 
given  size. 


LINE 


£AfkTH 


^^!5SS^^ 


^ 


Fig.  lA. 


It  will  be  observed  that  by  this  arrangement  the  centre  of  vibra- 
tion coincides  with  the  centre  of  the  reed  when  at  rest,  so  that  the 
pitch  of  the  tone  is  not  disturbed  by  any  ordinary  change  of 
battery,  as  is  liable  to  Be  the  ease  when  only  one  magnet  is  used, 
or  when  the  impulse  is  not  equal  in  both  directions. 

A  second  battery,  which  we  will  call  the  main  battery,  is  con- 
nected as  follows :  One  pole  is  connected  to  the  ground  ;  the 
other  runs  to  the  instrument,  and,  entering  at  binding-screw  4 
(fig.  la),  runs  to  the  point  H  of  key  C ;  from  key  C  to  point  I, 
which  makes  contact  with  the  reed  a ;   from  reed  a  to  binding- 
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screw  1,  and  thence  to  line.  It  will  be  seen  that  when  the  key  is 
at  rest  the  batteries  are  open  at  the  points  d  and  H. 

All  the  keys  in  the  instrument,  whether  one  or  more  octaves, 
have  corresponding  reeds  and  actuating  magnets,  the  only  differ- 
ence being  in  the  tuning  of  the  reeds.  There  is  but  one  main  and 
one  local  battery  used,  and  the  connections  to  each  key  are  run  in 
branch  circuits  from  the  binding-screws,  as  shown  in  fig.  la.  But, 
since  all  these  branches  are  open  at  the  key  points,  neither  of  the 
batteries  is  closed  unless  a  key  is  depressed. 

If  now  the  keys  are  manipulated,  a  tune  may  be  played  which  is 
audible  to  the  player.  When  any  key  is  depressed,  the  local 
battery  sets  in  vibration  iis  corresponding  reed,  which  sounds  its 
own  fundamental  note  according  to  the  law  of  acoustics.  So  far 
the  instrument  is  an  electrical  organ,  the  motive  power  being 
electricity  instead  of  air.  The  main  battery  has  had  no  part  what- 
ever in  its  operation. 

If,  however,  the  main  circuit  is  closed  by  comiecting  the  distant 
end  to  ground,  and  the  point  I  is  properly  adjusted,  so  that  it 
makes  and  breaks  contact  with  the  reed  at  each  vibration,  a  series 
of  electrical  impulses,  or  waves,  will  be  sent  through  the  line, 
corresponding  in  number  per  second  to  the  fundamental  of  the 
reed. 

Now,  as  the  pitch  of  any  musical  tone  is  determined  by  the 
number  of  vibrations  per  second  made  by  the  substance  from 
wliich  the  sound  proceeds,  it  is  clear  that  if  these  electrical  waves 
can  be  converted  into  audible  vibrations  at  the  distant  end  of  the 
line,  whether  it  be  one  mile  or  five  hundred  miles  from  the  player, 
the  note  produced  will  be  of  the  same  pitch  as  that  of  the  sending- 
reed. 

One  method  of  converting  these  ^'  electrical  waves  "  into  audible 
sound  at  the  receiving  end  has  been  described — that  of  the  mounted 
electro-magnet.  When  it  is  properly  mounted,  so  as  to  give  the 
best  acoustic  effect,  the  tone  is  very  loud,  if  the  line  is  not  too  long 
or  the  battery  too  weak. 

Fig.  2  shows  one  of  Mr.  Gray's  musical  receivers.  It  is  a 
wooden  box,  with  holes  for  acoustic  effects,  and  having  mounted 
upon  it  a  common  electro-magnet,  with  a  heavy  armature  made 
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fast  to  its  poles,  and  the  whole  screwed  firmly  to  the  box.  Another 
of  his  musical  receivers,  not  shown  by  cut,  consists  of  a  series  of 
wooden  boxes,  open  at  one  end,  one  for  each  nut  or  electrotome  of 
the  transmitting  instrument  These  boxes  vary  in  size  and  are 
tuned  to  correspond  to  the  key-board  of  tlie  transmitting  organ. 
They  are  ranged  side  by  side,  about  an  inch  apart,  and  all  firmly 
&stened  to  a  wooden  bar  running  across  the  whole.  Upon  this  bar 
is  mounted  a  magnet,  hke  the  one  shown  at  fig.  2. 

This  arrangement  retains  all  the  sound-board  qualities  of  the  box, 
fig.  2,  combined  with  reinforcement  of  each  note  by  resonance, 
and  consequently  is  much  louder  and  of  a  different  quality. 


Fig.  2. 


There  are  many  methods  of  receiving  musical  tones,  but  perhaps 
the  most  curious  is  the  one  in  which  animal  tissue  plays  a  promi- 
nent part  If  the  operator  places  himself  in  the  receiving  end  of  the 
circuit,  through  which  a  tune  is  being  sent,  and,  with  his  hand,  rubs 
a  metal  plate  that  constitutes  a  part  of  the  circuit,  the  tune  that  is 
playing  at  the  other  end  of  the  line  will  be  reproduced  on  the  plate. 
This  phenomenon  was  observed  by  Mr.  Gray  on  the  zinc  lining  of 
a  bath-tub.     He  describes  the  circumstance  as  follows : — 

"  My  nephew  was  playing  with  a  small  induction  coil,  and,  as 
he  expressed  it,  was  *  taking  shocks '  for  the  amusement  of  the 
smaller  children.  He  had  connected  one  end  of  the  secondary  coil 
to  the  zinc  lining  of  the  bath-tub,  which  was  dry  at  that  time. 
Holding  the  other  end  of  the  coil  in  his  left  hand,  he  touched  the 
lining  of  the  tub  with  the  right     In  making  contact  his  hand 
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would  glide  along  the  side  for  &  short  distance.  At  these  timea  1 
noticed  a  Bound  proceeding  firom  under  his  hand  at  the  point  of 
contact,  which  seemed  to  have  the  same  pitch  and  quality  ae  tlui 
of  t^Q  vibrating  eleotrotome,  which  was  within  hearing.  I  inuae- 
diatelj  took  the  electrode  in  my  hand,  and,  rq>eating  the  opera- 
tion, to  my  astonishment  found  that,  by  rubbing  hard  and  rapidly, 
I  could  make  a  mnch  loader  Bound  than  the  eleotrotome  wis 
making.  I  then  changed  the  pitch  of  the  vibration,  increasing  the 
rapidity,  and  found  that  the  pitch  of  the  sound  under  my  hand  wis 
also  changed,  it  still  agreeing  with  that  of  the  vibration.  I  then 
moistened  my  hand  and  continned  the  rubbing,  but  no  sound  was 
produced  so  long  as  my  hand  remained  wet ;  bat  as  soon  as  tbe 
parts  in  contact  became  dry  the  sound  reappeared.  *     •     •    •    • 


Following  out  the  idea  suggested  by  the  bath-tub  experiment, 
I  constructed  various  devices  with  metallic  plates  for  receiving  tlie 
tune  by  rubbing  with  the  hand.  A  very  convenient  method  for 
doing  this  is  shown  in  fig.  3. 

This  instrument  has  a  metal  stand  of  sufficient  weight  to  keep  it 
in  position  while  being  manipnlated.  Upon  the  stand  a  horizontal 
shaft  is  mounted  in  bearings,  upon  one  end  of  which  is  a  crank, 
with  a  handle  made  of  some  insulating  substance.  Upon  the  other 
end  is  centred  a  thin  cylindrical  sounding-bos,  made  of  wood,  the 
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face  of  which  is  covered  with  a  cap  made  of  thin  metal,  spun  into  a 
convex  form  to  give  it  firmness.  This  box  has  an  Opening  in  the 
centre  to  increase  its  sonorous  qualities.  The  metal  cap  is  electri- 
cally connected  to  the  metal  stand  by  means  of  a  wire. 

If  the  operator  connects  the  cap,  through  the  stand,  to  the 
ground,  and  taking  hold  of  the  end  of  the  line  with  one  hand 
presses  the  fingers  against  the  cap,  which  he  revolves  by  means  of 
the  crank  with  the  other  hand,  the  tune  that  is  being  played  at  the 
other  end  of  the  line  becomes  distinctly  audible,  and  may  be  heard 
throughout  a  large  audience  room.  If  the  conditions  are  all 
perfect,  the  faster  the  plate  is  revolved  the  louder  will  be  the  music, 
and  the  slower  the  motion  the  softer  will  it  become.  When  the 
motion  stops  the  sound  entirely  ceases. 

I  have  found  that  electricity  of  considerable  tension  is  needed 
to  produce  satisfactory  results,  at  least  that  of  fifty  cells  of  bat- 
tery. The  necessary  degree  of  tension  is  most  conveniently  ob- 
tained by  passing  the  line  current  through  the  primary  circuit 
(adapted  to  the  circuit  wherein  it  is  used)  of  an  induction  coil 
and  connecting  the  receiver  in  the  secondary  circuit.  *  *  *  * 
I  noticed  that  when  revolving  the  plate  with  my  finger  in  contact 
the  finction  was  greater  when  a  note  was  sounding.  I  then 
connected  a  small  Ruhmkorff  coil  to  a  battery,  inserting  a  com- 
mon telegraphic  key  in  the  primary  circuit,  instead  of  the  self- 
acting  circuit  breaker.  I  connected  one  end  of  the  secondary  coil 
to  the  metal  plate,  and  holding  the  other  end  in  my  hand  I  rubbed 
the  plate  briskly,  and  had  my  assistant  slowly  making  dots  with 
the  key.  I  noticed  at  each  make  of  the  circuit  a  slight  soimd,  and 
at  each  break  a  very  much  louder  one,  owing  to  the  fact  that  the 
terminal  secondary  wave  is  much  more  intense  than  the  initial.  I 
now  held  my  hand  still,  and,  while  I  could  feel  the  shock  just  as 
distinctly  as  before,  there. was  no  audible  sound,  proving  that  the 
motion  was  a  necessary  condition  in  its  production.  The  sensation 
when  the  soimd  was  produced  was  as  though  my  finger  had  sud- 
denly adhered  to  the  plate  and  then  as  suddenly  let  go,  producing 
a  sound. 

The  next  experiment  was  with  one  hundred  cells  of  graviiy  bat- 
tery.    I  connected  one  pole  to  the  plate  and  held  the  other  in  my 
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hand,  pressing  my  finger  against  the  plate  and  revolving  it  as 
before.  I  inserted  a  thin  piece  of  paper  between  my  fingers  and 
the  plate  to  prevent  painful  efiects  firom  the  current,  and  my 
assistant  made  dashes  with  a  key  in  the  circuit.  I  was  thus  able 
to  notice  the  effect  of  an  impulse  of  longer  duration.  When  the 
key  closed  there  was  a  perceptible  increase  of  the  friction,  so  that  my 
finger  took  a  position  further  forward  on  the  plate,  where  it  would 
remain  as  I5ng  as  the  circuit  remained  closed.  As  soon  as  the  key 
was  opened  my  finger  suddenly  dropped  back  on  the  plate,  making 
the  same  noise  I  had  before  heard.  This  operation  was  repeated  so 
often  that  there  could  be  no  question  as  to  the  effect  it  produced. 

From  the  foregoing  experiments  I  find  that  the  folloWing  con- 
ditions  are  necessary  to  reproduce  musical  tones  through  the 
medium  of  animal  tissue  by  means  of  electric  waves  transmitted 
through  a  telegraph  wire : 

1st.  The  electrical  impulses  must  have  considerable  tension  in 
order  to  make  the  effect  audible. 

2nd.  The  substance  used  for  rubbing  the  receiving  plate  must 
be  soft  and  pliable,  and  must  be  a  conductor  of  electricity  up  to 
the  point  of  contact,  and  there  a  resistance  must  be  interposed,  very 
thin — neither  too  great  nor  too  little. 

3rd.  The  plate  and  the  hand  or  other  tissue  must  not  only  be  in 
contact,  but  it  must  be  a  rubbing  or  gliding  contact. 

4th.  The  parts  in  contact  must  be  dry,  in  order  to  preserve  the 
necessary  degree  of  resistance." 

We  have  now  to  consider,  first,  the  transmission  of  composite 
tones ;  and,  secondly,  the  analysis  of  them,  and  their  application 
to  multiple  telegraphy. 

Referring  to  the  cut  (fig.  1)  it  will  be  seen  that  in  this  instru- 
ment there  are  a  series  of  keys  connected  with  a  series  of  reeds,  or 
electrotomes,  tuned  to  the  musical  scale.  If  the  batteries  are  properly 
connected  to  the  instrument,  and  either  of  the  tune-receivers 
described  be  placed  in  the  line,  not  only  will  the  tone  of  any  single 
key  but  tones  from  a  series  of  keys  be  reproduced  simultaneously, 
should  they  be  operated  at  the  same  time,  whether  the  result  of  the 
combination  be  concordant  or  discordant.  If  all  the  keys  corre- 
sponding to  an  octave  of  tones  be  depressed  simultaneously,  the 


TBAKSMISSION  OP  MUSICAL  TONES  BY  ELECTRICITY.       513 

• 

result  will  be  a  oonfiised  babel  of  sounds,  with  no  defined  tone. 
This  same  effeet  will  be  faithfully  reproduced  upon  the  common 
receiver,  shown  in  fig.  2.  The  peculiarity  of  this  receiver  is, 
that  it  reproduces  one  note  as  well  as  another,  and  is  incapable  of 
rendering  any  one  more  prominent  than  its  neighbour.  How  to 
sift  this  babel  of  sounds,  and  make  a  particular  tone  corresponding 
to  a  particular  key  respond,  and  respond  only  on  a  particular 
instrument — to  explain  this  will  be  our  chief  object 

If  we  strike  a  series  of  piano  keys  at  the  same  time,  the  ear  will 
appreciate  the  efiect  as  a  whole  and  not  as  a  series  of  simple  tones. 
It  is  true  an  educated  ear  can  select  the  simple  tones,  but,  ordi- 
narily, this  is  not  the  case.  If,  however,  we  place  to  the  ear  a 
resonator,  such  as  Helmholtz  used  in  analysing  musical  sounds 
transmitted  through  the  air,  the  tone  which  corresponds  in  pitch 
to  that  of  the  resonator  will  be  reinforced,  so  that  it  can  be  very 
distinctly  heard  above  the  others.  This  resonator  depends  upon  the 
principle  that  a  volume  of  air,  contained  in  any  open  vessel,  as  a 
bottle  for  instance,  yields  a  certain  note  when  thrown  in  vibration. 
The  pitch  of  this  note  depends  upon  the  size  of  the  vessel  and  its 
uncovered  opening.  The  form  used  by  Helmholtz  was  that  of  a 
globe,  with  a  large  opening  on  one  side  and  a  small  one  on  the 
other,  which  is  placed  to  the  ear. 

As  we  said  before,  if  one  of  these  resonance  globes  is  held  to  the 
ear,  and  there  exists  in  the  air  near  by  a  series  of  musical  tones, 
and  one  of  them  accords  with  the  fundamental  of  the  globe,  that 
tone  will  be  strengthened  and  distinctly  audible  above  the  others. 
With  a  series  of  these  globes  compound  tones  can  be  analysed  and 
their  simple  elements  determined  with  unerring  accuracy. 

A  series  of  tones  may  be  transmitted  through  a  telegraphic  wire 
and  reproduced  as  a  whole.  In  this  shape  they  could  not  be  utilised 
for  telegraphic  purposes ;  but  if  a  series  of  receivers  are  placed  in 
the  Kne,  as  many  as  there  are  tones  simultaneously  transmitted, 
and  each  receiver  has  the  ability  to  reproduce  a  particular  note  and 
reject  all  others,  the  problem  is  solved.  This  result  Mr.  Gray  has 
accomplished  in  a  variety  of  Ways.  We  will  mention  a  few  of  the 
more  prominent.  The  first  one  is  shown  in  fig.  4.  We  give  his 
own  description  of  the  cut. 

VOL.  v.  2  L 
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"  Fig.  4  18  a  perspective  of  one  form  of  a  receiving  instrument, 
called  an  analyser.  The  construction  of  the  instrument  is  very 
simple.  It  consists  of  an  electro-magnet,  adapted  to  the  resistance 
of  the  circuit  where  it  is  intended  to  be  used,  and  of  a  steel  ribbon 
strung  in  front  of  this  magnet  in  a  solid  metal  frame,  and  provided 
with  a  tuning  screw  at  one  end  so  as  to  readily  give  it  the  proper 
tension.  The  length  and  size  of  the  ribbon  depend  upon  the  note 
we  wish  to  receive  upon  it.  If  it  is  a  high  note,  we  make  it 
thinner  and  shorter ;  if  a  low  note,  we  make  it  thicker  and  longer. 
If  this  ribbon  is  tuned  so  that  it  will  give  a  certain  note  when  made 
to  vibrate  mechanically,  and  the  note  which  corresponds  to  its 
fundamental  is  then  transmitted  through  its  magnet,  it  will  respond 
and  vibrate  in  unison  with  its  transmitted  note ;  but  if  another  note 
be  sent  which  varies  at  all  from  its  fundamental  it  will  not  respond. 
If  a  composite  tone  is  sent  the  ribbon  will  respond  when  its  own 
note  is  being  sent  as  a  part  of  the  composite  tone,  but  as  soon  as  its 
own  tone  is  left  out  it  will  immediately  stop.  Thus  I  am  able  to 
select  out  and  indicate  when  any  note  is  being  sent,  in  fact  to 
analyse  the  tones  which  are  passing  over  the  line." 


Fig.  4. 

The  great  object  to  be  attained  in  the  construction  of  such  a 
receiver  is  to  rid  it,  as  far  as  possible,  of  all  sound-board  qualities, 
which  would  cause  it  to  respond  alike  for  all  tones,  and  augment^ 
as  far  as  possible,  its  tendency  to  vibrate  for  a  certain  tone  only  to 
which  it  is  tuned.  Another  method  is  shown  at  fig.  5,  which  com- 
bines a  tuned  reed,  or  bar  of  steel,  with  a  resonance  box. 

The  construction  is  as  follows :  Suppose  we  wish  to  construct  a 
receiver  to  respond  to  a  tone  made  by  128  vibrations  per  second. 
Wc  first  make  a  box  in  the  form  of  a  parallelogram,  as  shown  in 
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the  cut,  with  one  open  end.  The  box  is  made  the  right  size  to 
procluoo  a  maximum  resonance  of  the  desired  tone.  Upon  this  box 
is  mounted  firmly  an  elecb-o-magnet.     To  one  pole  is  fastened  c 


*«nd  of  a  steel  bar  having  parallel  sides,  wliich  extends  across  the 
other  pole,  but  does  not  touch  it.  This  pole,  for  convenience,  is 
made  adjustable.  The  tuning  is  all  done  at  one  point,  near  the 
fixed  end  of  the  bar,  by  filing  away  until  it  will  vibrate  128  times 
per  second,  if  excited  mechanically.  When  thus  tuned  and 
mouutfid,  if  by  any  means  the  bar  is  tlirown  in  vibration,  it  will  be 
communicated  to  the  walls  of  the  box,  which  in  turn  move  the 
air  in  the  box,  and  tlie  result  is  a  musical  tone  issuing  from  its 
mouth.  In  telegraphing  this  effect  will  be  produced,  when  elec- 
l.^cal  impulses  are  sent  through  the  wire  of  the  magnet,  at  the  rate 
Iflf  128  times  per  second.  If  a  much  greater  or  less  rate  is  sent 
xnagh  the  magnet  neither  the  bar  or  box  will  respond.  If  now 
be  make  another  receiver  in  all  respects  like  the  one  described, 
acept  that  the  bai'  and  box  are  tuned  to  respond — say  when  200 
impulses  per  second  are  sent  through  it — it  will  be  practically  silent 
for  the  128  series,  but  will  speak  oiit  plainly  for  its  own  rate — 200 
per  second.  If  the  two  rates  of  vibration  or  impulses  are  sent 
simultaneously,  botli  boxes  will  speak,  but  each  a  different  tone. 
If  we  stop  the  sending  of  one  rate  and  not  the  other,  the  one  re- 
ceiver made  to  respond  to  that  rate  will  atop  sounding. 

If  at  the  sending  end  the  transmitted  notes  are  cut  up  into  long 
2l2 
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and  short  sounds,  representing  the  Morse  code,  with  a  common 
telegraphic  key,  each  set  of  signals  will  be  heard  on  its  respectiye 
receiver  without  interference  with  each  other. 

Still  another  form  of  analysing  receiver  is  shown  at  fig.  6.  This 
contains  all  the  essential  parts  of  the  last-described  instrument, 
without  the  resonance  box,  but  has  an  additional  attachment,  by 
which  a  common  sounder  or  recording  instrument  is  worked  by 
means  of  a  local  circuit.  In  this  instrument  the  magnet  is  mounted 
upon  an  ordinary  base,  and  is  provided  with  a  tuned  reed  or  bar  of 
definite  pitch — the  same  as  the  last  described  receiver.  On  top  of  the 
free  end  of  the  bar  is  a  platinum  point,  slightly  concave,  so  as  to 
form  a  small  cup  for  oil.  Resting  on  this  cup  is  a  platinum  point 
attached  to  a  light  lever  which  is  pivoted  at  the  other  end.  This 
lever  is  provided  with  a  friction  slide,  so  that  its  balance  can  be 


Fig.  6. 


readily  changed  from  light  to  heavy.  This  lever  is  so  balanced  that 
its  natural  rate  of  vibration  is  slower  than  that  of  the  bar.  As  a 
consequence,  when  the  bar  is  thrown  in  vibration  the  point  of  the 
lever  is  not  able  to  follow,  and  so  rattles  or  jars  in  the  small  cup. 
If  a  sounder  and  local  battery  are  connected  to  it,  so  as  to  make 
the  bar  and  lever  a  part  of  the  circuit,  each  time  the  bar  is  thrown 
in  vibration  the  circuit  is  practically  opened,  and  the  sounder  lever 
falls  on  its  back  point.  As  soon  as  the  vibration  ceases  the  point 
stops  jarring,  the  circuit  is  established,  and  the  sounder  closes.  If 
the  vibration  is  being  interrupted  at  the  sending  end  of  the  line  by 
a  Morse  key,  the  effect  on  the  sounder  is  the  same  as  though  a 
relay  were  in  circuit  instead  of  .the  analyser.     This  is  probably  the 
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moat  practical  metliod  of  working  the  system,  as  the  operator  has 
nothing  new  to  learn. 

Thus  far  we  have  described  the  operation  of  the  aysteni  in 
general,  but  there  are  many  details  of  construction  and  methods  of 
connecting  batteries  to  line  without  which  the  system  would  be  a 
&ilure  for  every-day  telegraphic  work.     The  proper  construction 

l*f  the  vibratinfj  bar  or  reed  of  the  receiver  is  a  very  important 

K^int.     It  must  be  comparatively  thick  (unless  suspended  at  both 
J.  4)  at  least  one-fourth  of  an  inch,  and  all  the  tuning 

■  .^one  at  one  point  near  the  fixed  end.  A  thin  bar,  with  a  free  end, 
will  break  into  notes  and  rea[X)ud  more  or  less  for  any  note,  which 
would  allow  the  signals  to  interfere.     After  the  instruments  had 

|it>een  properly  made  there  still  remained  a  problem,  the  solution  of 
■which  fiimished  the  key  to  the  practical  success  of  the  system  for 
telegraphic  purposes.  Tliat  problem  was  how  to  send  the  different 
tones  into  the  line  so  that  each  set  of  electrical  impulses  would 
maintain  its  individuality,  without  which  analysis  would  be  impos- 
sible. In  the  first  place,  the  wire  must  have  the  electrical  vihra- 
tioiiB  thrown  into  it  witliout  oponing  tbo  circuit  or  changing  the 
resistance  to  any  extent.  Secondly,  each  tone  must  be  sent  from 
a  separate  battery  power.     This  Mr.  Gray  has  sncoessfully  aocom- 


Before  describing  the  method  of  running  the  circuits  we  will 
glance  at  the  transmitting  instrument  shown  at  fig.  7. 


This  instrument  is  precisely  like  the  one  described  as  fig.  la. 
The  only  difference  is  it  is  separately  mounted.  It  is  kept  in 
constant  vibration  by  a  local  battery. 

Fig.  8   shows  a  diagram   view  of  two    transmitters   and    two 
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receivers,  wiiih  their  connections.    The  local  circuits,  with  their 
magnets,  are  left  off  to  avoid  concision. 

A  and  B  represent  two  transmitters,  placed  at  one  end  of  a 
line ;  A'  and  B',  two  receivers  at  the  other  end.  One  end  of  the 
main  battery  is  connected  to  line  and  the  other  end  to  gronnd. 
Each  transmitter  is  placed  in  a  shunt-wire,  running  from  itB  main 
battery  comiections  around  one-half  of  the  battery.  A  comraon 
open  circuit  key  is  placed  in  each  of  these  shunt-wires.  Suppose 
now  the  two  reeds  of  A  and  B  to  be  sounded,  A  making  264 
vibrations  per  second,  and  B  320,  just  two  tones  or  a  major  third 
above  A.  So  long  as  the  keys  remain  open  the  battery  is  aU  on 
the  line  steadily.  If  the  key  of  transmitter  A  is  closed,  half  of 
the  battery  is  being  thrown  on  and  off  the  line  at  a  rate  of  264 
times  per  second.  This  causes  a  succession  of  electrical  waves  to 
flow  through  the  line  at  the  same  rate.  If  now  the  steel  ribbon  of 
the  analyser  A  has  been  tuned  in  unison  with  these  electrical 
waves  it  will  respond  and  hum  the  same  note  as  the  transmitter ; 
but  if  it  is  not  in  unison  it  will  remain  practically  quiescent,  so 
that  the  note  can  only  be  heard  by  submitting  it  to  the  most  deli- 
cate test.     To  bring  it  in  unison  it  is  only  necessary  to  turn  the 
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tuning-screw  up  or  down,  as  the  case  may  be.     When  the  funda- 
mental of  the  ribbon  corresponds  with  that  of  the  sending-reed,  it 
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announces  the  fact  by  sounding  out  loud  and  full.  If  (having  tho 
key  of  transmitter  A  still  closed,  and,  consequently,  its  correspond- 
ing analyser  still  sounding)  we  close  the  key  belonging  to  trans- 
mitter B,  the  other  half  of  the  battery  will  be  thrown  on  and  oflP 
the  line  at  the  rate  of  320  times  per  second,  and  another  succession 
of  electrical  waves  will  flow  through  the  line,  this  one  being  at  the 
rate  of  320  times  per  second.  If  the  analyzer  B  is  in  proper  tune, 
so  that  its  fundamental  is  the  same  as  that  of  its  corresponding 
transmitter  B,  it  will  hum  its  note  as  long  as  the  key  is  closed, 
making  a  chord  with  A'.  In  the  same  way  a  great  number  of 
different  notes  may  be  sounding  at  the  same  time  at  one  end  of  a 
telegraphic  line,  and  be  heard  simultaneously  at  the  other  end, 
each  note  sounding  upon  a  different  receiving  instrument." 

Of  course,  any  of  the  three  receivers  described  will  operate  in 
the  same  manner.  The  above  diagram  shows  only  two  sets  of 
apparatus,  but  the  system  admits  of  many  more.  Eight  messages 
— four  each  way — have  already  been  sent  and  received  simul- 
taneously through  a  single  wire  between  New  York  and  Phila* 
delphia,  for  a  number  of  days. 

In  working  both  ways,  a  main  battery  is  used  at  both  ends,  and 
divided  into  as  many  sections  as  there  are  tones  used.  The  receiver 
may  be  placed  in  a  bridge  or  wound  differentially,  as  in  duplex. 

There  are  many  applications  yet  to  be  made  of  this  system. 
Already  Mr.  Gray  has  applied  it  to  a  printing  system  which  is  at 
once  rapid  and  reliable,  and  if  in  general  use  would  greatly  reduce 
the  labour  required  to  do  a  given  amount  of  business,  as  well  as  the 
number  of  wires. — Extracted  from  "  The  Telegrapher J*^ 


BELL'S  ARTICULATING  TELEPHONE. 

Attempts  have  been  made  for  many  years  past  to  transmit 
musical  or  articulate  sounds  to  a  distance  by  means  of  electrical 
communication,  and  some  of  the  early  experiments  of  the  late  Sir 
Charles  Wheatstone  were  accompanied  with  so  much  success  that 
it  was  hoped  that  a  time  would  come  when  an  instrument  might 
be   constructed  not  only  to  register  graphically  certain  audible 
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sounds  but  to  produce  upon  a  diagram  a  set  of  signs  by  which  the 
sounds  of  the  human  voice  could  be  recorded ;  in  other  words,  that 
it  might  become  possible  to  construct  an  automatic  reporter ;  and  in 
the  Loan  Collection  of  scientific  apparatus  at  South  Kensington 
may  be  seen  several  instruments  bearing  upon  these  researches, 
and  in  which  the  vowel  sounds  are  recorded  by  a  series  of  dis- 
tinctive curves. 

In  the  year  1860,  Philipp  Beiss,  of  Friedrichsdorf,  near  Hom- 
burg,  following  the  researches  of  Wertheim,  Marian,  and  Henry 
upon  the  production  of  sounds  by  electricity,  invented  the  telephone 
which  bears  his  name^  and  which  also  may  be  seen  at  South  Ken- 
sington. The  telephone  of  Keis  is  of  two  parts ;  a  transmitting  in- 
strument and  a  receiver.  The  former  consists  essentiallv  of  a 
stretched  membrane,  which,  by  vibrating  in  unison  with  the  im- 
pulses it  receives  from  musical  sounds  played  near  it,  transforms 
those  impulses  into  a  series  of  electrical  currents  by  a  simple  make- 
and-break  arrangement,  and  these  currents  acting  on  the  receiving 
instrument,  which  may  be  hundreds  of  miles  distant,  reproduce  the 
corresponding  notes,  so  that  a  tune  played  at  one  station  can  be 
distinctly  heard  at  the  other. 

The  receiving  instrument  is  founded  upon  the  well-known  phe- 
nomenon discovered  by  Page  in  the  year  1837,  that  a  distinct 
sound  accompanies  the  demagnetisation  of  an  iron  bar  placed  in  an 
electro-magnetic  helix.  It  consists  of  a  soft  iron  bar  about  the  size 
of  a  knitting  needle,  surrounded  by  a  helix  of  wire  which  forms 
part  of  a  voltaic  circuit  with  the  transmitting  instrument,  and  for 
intensifying  the  effect  both  instruments  are  provided  with  soimdijig- 
boards,  or  resonators.  From  the  above  description  it  will  be  seen 
that  if  a  note  which  makes  (say)  one  hundred  vibrations  per  second 
be  sounded  in  the  neighbourhood  of  the  transmitting  instrument, 
its  membrane  will  make  one  hundred  corresponding  vibrations, 
making  and  breaking  the  voltaic  current  one  hundred  times,  and 
producing  one  hmidred  demagnetisations  in  the  receiving  instru- 
ment for  every  second  of  time,  so  that  exactly  the  same  note  that 
was  sounded  in  the  transmitter  will  be  audible  at  the  distant  station. 
It  is  obvious  that  the  duration  of,  and  time  between,  two  notes  must 
be  identical  at  both  ends  of  the  conducting  wire,  and  thus  is  re- 
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reduced  automatieally  and  without  a  possibility  of  error  the  ele- 
ments which  make  up  melody,  yiz  ,  correctness  of  note  combined 
nth  measure  of  time. 

Following  Reiss  in  GJermany,  Elisha  Gray  in  America  constructed 
in  1874  his  far  more  perfect  electric  telephone,  in  which  the  traus- 
nittiug  instrument  consists  of  a  vibrating  reed,  which  is  at  once  a 
Wte-producer  and  a  rheotome  or  contact-breaker.  It  is  tuned  like 
e  reed  of  a  harmonium  to  its  proper  note,  and  when  adjusted  can 
inly  transmit  to  the  receiving  instrument  the  number  of  currents 
»r  second  corresponding  to  the  vibrations  producing  its  note. 
Slisha  Qray's  receiving  instrument  is  electrically  similar  in  prin- 
siple  to  that  of  Eeisa,  but  consists  of  a  horse-shoe  electro-magnet, 
inaounted  upon  a  wooden  soundiug-box  or  resonator,  with  a  heavy 
trmature  attached  to  its  poles.  The  transmitting  instrument  is 
ffovided  with  a  key-board  similar  to  that  of  a  harmonium,  and 
ich  note  has  its  corresponding  key  and  vibrating  reed. 
The  same  inventor  has  since  introduced  his  splendidly  worked  out 
ihonic  telegraph,  by  which  fom'  or  more  distinct  messages  may 
18  transmitted  in  the  Morse  code  simultaneously  along  a  single 
wire.  This  apparatus  depends  for  its  principle  upon  having  a 
ibrator  at  the  receiving  station,  tuned  so  as  to  be  affected  only  by 
its  corresponding  transmitter  at  the  sending  station,  and  thus  the 
receiving  instruments  along  aline  of  wire  have  the  power  of  sclect- 
j;  those  messages  intended  for  themselves  and  letting  all  otliera 
98.  This  has  also  been  accomplished  by  a  Danish  engineer,  M. 
?aul  Lacour,  who  employs  vibratory  tuning-forks  for  transmitting 
be  impulses,  aud  a  series  of  corresponding  tuning-forks,  each  arm 
)f  which  is  inclosed  in  a  magnetic  helix  for  the  Helecting  instni- 
oent.  This  selecting  instrument  can  be  used  eitlier  as  a  receiving 
elephone,  or  by  being  employed  as  an  intermediate  relay  may 
ransmit  the  signals  to  ordinary  telegraph  instruments. 

We  give  herewith  illustrations  of  the  transmitting  and  receiving 
netruments  of  Mr.  Graham  Bell's  articulating  telephone,  by 
vhich  the  sound  of  the  human  voice  may  bo  transmitted  by 
fcJeotricity  along  a  telegraph  hne,  and  heard,  as  a  voice,  at  the 
other  end. 

The  articulating  telephone  of  Mr.  Graham  BeJI,  hke  those  of 
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Beiss  and  Gray,  coDsiste  of  two  parts,  a  transmitting  instrnmAnt 
and  a  receiver,  and  one  cannot  but  be  struck  at  the  extreme  sim- 
plicity of  both  instruments,  so  eimple  indeed  that  were  it  not  for 
the  high  antbority  of  Sir  William  Thomson  one  might  be  par- 
doned at  entertaining  some  doubts  of  their  capability  of  producing 
such  marvellous  results. 

The  transmitting  instrument,  which  is  represented  in  fig.  1, 
consists  of  a  horizontal  electro-magnet,  attached  to  a  pillar  about 
2  inches  above  a  horizontal  mahogany  stand ;  in  front  of  the  poles 


of   this  magnet— or,   more   correctly   speaking,   magneto  electric         I 
iuduetor — is  fixed  to  the  stand  in  a  vertical  plane  a  circular  brass 
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ring,  oyer  which  is  stretched  a  membrane,  carrying  at  its  centre  a 
small  oblong  piece  of  soft  iron,  which  plays  in  front  of  the  inductor 
magnet  whenever  the  membrane  is  in  a  state  of  vibration.  This 
membrane  can  be  tightened  like  a  drmn  by  the  three  mill-headed 
screws  shown  in  the  drawing.  The  ends  of  the  coil  suiTounding 
the  magnet  terminate  in  two  binding- screws,  by  which  the  instru- 
ment is  put  in  circuit  with  the  receiving  instmraent,  which  is  shown 
in  fig.  2.  This  ijiBtrument  is  nothing  more  than  one  of  the  tubular 
electro-magnets  invented  by  M.  Nicies  in  the  year  1852,  but  which 
has  been  re-invented  under  various  fancy  names  several  times 
since.  It  consists  of  a  vertical  bar  electro-magnet  inclosed  in  a 
tube  of  soft  iron,  by  which  its  magnetic  field  is  condensed  and  its 
attractive  power  within  that  area  increased.  Over  this  is  fixed, 
attached  by  a  screw  at  a  point  near  its  circumference,  a  thin  sheet 
iron  armature  of  tlie  thickness  of  a  sheet  of  cartridge  paper,  and 
this  when  under  the  influence  of  the  transmitted  cniTenta  acta 
partly  as  a  vibrator  and  partly  as  a  resonator.  The  magnet  witJi 
its  armature  is  mounted  upon  a  little  bridge  which  is  attached  to  a 
mahogany  stond  similar  to  that  of  the  transmitting  instrument. 
k  The  action  of  the  apparatus  is  as  follows :  When  a  note  or  a 
■fford  is  sounded  into  the  mouthpiece  of  the  transmitter,  its 
membrane  vibrates  in  nnison  with  the  sound,  and  in  doing  so 
carries  the  soft  iron  inductor  attached  to  it  backwards  and  forwards 
in  presence  of  the  electro-magnet,  inducing  a  series  of  magneto- 
electric  currents  in  its  surrounding  helix,  which  are  transmitted  by 
the  conducting  wire  to  the  receiving  instrument,  and  a  correspond- 
ing vibration  ia  therefore  set  up  in  the  thin  iron  armature  sufficient 
te  produce  sonorous  vibrations  by  which  articulated  words  can  be 
distinctly  and  clearly  recognised. 

In  all  previous  attempts  at  producing  this  result  the  vibrations 
were  produced  by  a  make-and-break  arrangement,  so  that  while 
the  number  of  vibrations  per  second  as  well  as  the  time  measures 
ire  correctly  transmitted  there  was  no  variation  in  the  strength 
the  current,  whereby  the  quality  of  tone  was  also  recorded.  This 
feet  did  not  prevent  the  transmission  of  pure  musical  notes,  nor 
'en  the  discord  produced  by  a  mixture  of  them,  but  the  eompli- 
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cated  variations  of  tone,  of  quality,  and  of  modulation,  which  make 
up  the  human  voice,  required  something  more  than  a  mere  iso- 
chronism  of  vibratory  impulses. 

In  Mr.  Bell's  apparatus  not  only  are  the  vibrations  in  the  receiv- 
ing instrument  isochronous  with  those  of  the  transmitting  mem- 
brane, but  they  are  at  the  same  time  similar  in  quality  to  the  sound 
producing  them,  for,  the  currents  being  induced  by  an  inductor 
vibrating  with  the  voice,  diflPerences  of  amplitude  of  vibrations 
cause  differences  in  strength  of  the  impulses,  and  the  articulate 
sound  as  of  a  person  speaking  is  produced  at  the  other  end. 

Of  the  capabihties  of  this  very  beautiful  invention,  we  cannot  give 
them  better  thaii  in  the  words  of  an  ear  witness,  and  no  less  an  au- 
thority than  Sir  William  Thomson,  who  in  his  opening  address  to 
Section  A  at  the  British  Association  at  Glasgow  thus  referred  to  it : 

"  In  the  Canadian  Department  I  heard  ^  To  be  or  not  to  be  .  .  . 
there's  the  rub,'  through  an  electric  telegraph  wire  ;  but,  scorning 
monosyllables,  the  electric  articulation  rose  to  higher  flights,  and 
gave  me  passages  taken  at  random  from  the  New  York  newspapers : 
^  S.  S.  Cox  has  arrived '  (I  failed  to  make  out  the  ^  S.  S.  Cox ') ; 
*  the  City  of  New  York ;'  '  Senator  Morton ;'  *  the  Senate  has 
resolved  to  print  a  thousand  extra  copies ;'  '  the  Americans  in 
London  have  resolved  to  celebrate  the  coming  4th  of  July.'  All 
this  my  own  ears  heard,  spoken  to  me  with  unmistakable  distinct- 
ness by  the  then  circular  disc  armature  of  just  such  another  little 
electro-magnet  as  this  which  I  hold  in  my  hand.  The  words  were 
shouted  with  a  clear  and  loud  voice  by  my  colleague  judge,  Pro- 
fessor Watson,  at  the  far  end  of  the  telegraph  wire,  holding  his 
mouth  close  to  a  stretched  membrane,  such  as  you  see  before  you 
here,  carrying  a  little  piece  of  soft  iron,  which  was  thus  made  to 
perform  in  the  neighbourhood  of  an  electro-magnet,  in  circuit  witli 
the  line,  motions  proportional  to  the  sonorific  motions  of  the  air. 
This,  the  greatest  by  far  of  all  the  marvels  of  the  electi'ic  telegraph, 
is  due  to  a  young  countryman  of  our  own,  Mr.  Graham  Bell,  of 
Edinburgh  and  Montreal  and  Boston,  now  becoming  a  naturalised 
citizen  of  the  United  States.  Who  can  but  admire  the  hardihood 
of  invention  which  devised  such  very  slight  means  to  realise  the 
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mathematical  conception,  that,  if  electricity  is  to  convey  all  the 
delicacies  of  quality  which  distinguish  articulate  speech,  ilie 
strength  of  its  current  must  vary  continuously  and  as  nearly  as 
may  be  in  simple  proportion  to  the  velocity  of  a  particle  of  air 
engaged  in  constituting  the  sound." — Engineering. 


THE  TELEPHONE.* 
By  W.  H.  Preece,  Memb.  InstCE.,  &c. 

In  the  following  paper  I  call  instruments  employed  in  the  trans- 
mission of  musical  sounds,  tone  telephones,  and  those  employed  in 
the  transmission  of  the  human  voice,  articulating  telephones. 

In  the  year  1837,  Page,  an  American  physicist,  discovered  that 
the  rapid  magnetisation  and  demagnetisation  of  iron  bars  produced 
what  he  called  "  galvanic  music."  Musical  notes  depend  upon  the 
number  of  vibrations  imparted  to  the  air  per  second.  If  these 
exceed  sixteen  we  obtain  distinct  notes.  Hence,  if  the  currents 
passing  through  an  electro-magnet  be  made  and  broken  more  than 
sixteen  times  per  second,  we  obtain  "  galvanic  music "  by  the 
vibrations  which  the  iron  bar  imparts  to  the  air.  The  iron  bar 
itself  imparts  these  vibrations  by  its  change  of  form  each  time  it  is 
magnetised  or  demagnetised. 

De  la  Eive,  of  Geneva,  in  1843,  increased  these  musical  effects 
by  operating  on  long  stretched  wires  which  passed  through  open 
bobbins  of  insulated  wire. 

Philip  Beiss,  of  Friedrichsdorf,  in  1861,  produced  the  first 
telephone  which  reproduced  musical  sounds  at  a  distance.  He 
utilised  the  discovery  of  Page  by  causing  a  vibrating  diaphragm 
to  rapidly  make  and  break  a  galvanic  circuit.  The  principle  of  his 
apparatus  is  shown  in  fig.  1  annexed,  in  which  diagram  6  is  a 
hollow  wooden  box  into  which  the  operator  sings  through  the 
mouthpiece  a.  The  sound  of  his  voice  throws  the  diaphragm  c 
into  rapid  vibration,  so  as  to  make  and  break  contact  at  the  platinum 

♦  Paper  read  before  the  British  Associatioo  at  Plymouth,  August  1877. 
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points  d  at  each  vibration.  This  interrupts  the  current  flowing 
from  the  batteries  e  as  oflen  as  the  diaphragm  vibrates,  and  there- 
fore magnetises  and  demagnetises  the  electro-magnet  as  often. 
Hence,  whatever  note  be  sounded  into  the  box  a  the  diaphragm  e 
will  vibrate  to  that  note,  and  the  electro-magnet  /  will  similarly 
respond  and  therefore  repeat  that  note. 
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Fig.l. 


Musical  sounds  vary  in  tone,  in  intensity,  and  in  quality.  The 
tone  depends  on  the  number  of  vibrations  per  second  only ;  the 
intensity  on  the  amplitude  or  extent  of  those  vibrations ;  the 
quality  on  the  form  of  the  waves  made  by  the  vibrating  particles 
of  air. 

It  is  evident  that  in  Reiss's  telephone  everything  at  the  receiving 
end  remains  the  same,  excepting  the  number  of  vibrations,  and 
therefore  the  sounds  emitted  by  it  varied  only  in  tone,  and  were 
therefore  notes  and  nothing  more.  The  instrument  remained  a 
pretty  philosophical  toy  and  was  of  no  practical  value. 

Cromwell  Varley,  in  1870,  showed  how  sounds  could  be  pro- 
duced by  rapidly  charging  and  discharging  a  condenser. 

Elisha  Gray,  of  Chicago,  in  1873,  succeeded  in  producing  tones 
from  the  fingers  when  rubbing  a  dry  sonorous  body,  such  as  an 
ordinary  tin  can,  whilst  the  intermittent  currents  sent  by  a 
vibrating  tuning-fork  were  passing  through  it ;  and  by  attaching 
an  electro-magnet  to  a  hollow  sounding-box,  open  at  one  end  closed 
at  the  other,  he  was  able  to  reproduce  the  tones  of  the  musical 
notes  transmitted.  His  electro-magnet  had  its  armature  rigidly 
fixed  to  one  pole,  and  separated  from  the  other  by  a  space  of  ^'^th 
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of  an  inch.  He  called  it  a  resonator.  The  vibrations  of  this 
armature  are  imparted  to  the  sounding-box  and  become  therefore 
magnified.  He  constructed  a  keyboard,  of  two  octaves  compass, 
with  steel  reeds,  each  of  which  was  tuned  to  its  proper  note  and 
maintained  in  vibration  by  electro-magnets.  When  the  key  cor- 
responding to  any  note  was  depressed  its  corresponding  reed  was 
connected  to  line,  and  the  proper  number  of  currents  transmitted 
to  the  distant  station,  where  they  operated  the  resonator  and 
thus  reproduced  the  note.  In  this  way  tunes  were  played  and  the 
instrument  became  an  electric  organ.  By  attaching  organ-pipes 
to  his  resonator  he  magnified  the  sounds  and  was  able  to  fill  a  large 
hall  with  music  played  at  places  from  90  to  260  miles  away.  More 
than  that  he  proved  the  practicability  of  transmitting  chords  and 
composite  sounds  to  distant  places.  Gray  also  invented  a  method 
by  which  the  intensity  of  the  notes  as  well  as  their  tones  could  be 
transmitted.  Mr.  Leonard  Wray  also  introduced  a  capital  re- 
ceiver which  emits  the  sounds  received  from  a  distance  by  means 
of  Reiss's  diaphragm. 

It  remained  for  Professor  Graham  Bell,  of  Boston,  who  has 
been  working  at  this  question  with  the  true  spirit  of  a  philosopher 
since  1872,  to  make  the  discovery  by  which  tone,  intensity,  and 
quality  of  sounds  can  all  be  sent.  He  has  rendered  it  possible  to 
reproduce  the  human  voice  with  all  its  modulations  at  distant 
points.  I  have  spoken  with  a  person  at  various  distances  up  to  32 
miles;  and  through  about  a  quarter  of  a  mile  I  have  heard  Professor 
Bell  breathe,  laugh,  sneeze,  cough,  and  in  fact  make  any  sound  the 
human  voice  can  produce.  Without  explaining  the  various  stages 
through  which  his  apparatus  has  passed,  it  will  be  suflScient  to 
explain  it  in  its  present  form.  Like  Reiss,  he  throws  a  diaphragm 
into  vibration,  but  Professor  Bell's  diaphragm  is  a  disc  of  thin  iron, 
a,  which  vibrates  in  front  of  a  soft  iron  core  J,  attached  to  the  pole 
of  a  permanent  bar  magnet  N  S  (see  fig.  2).  This  core  becomes 
magnetised  by  the  influence  of  the  bar  magnet  N  S,  inducing  all 
around  it  a  magnetic  field,  and  attracting  the  iron  diaphragm  to- 
wards it.  Around  this  core  is  wound  a  small  coil  c  of  No.  38  silk- 
covered  copper  wire.  One  end  of  this  wire  is  attached  to  the  line 
wire,  the  other  is  connected  to  the  earth.     Tlie  apparatus  at  each 
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end  is  identically  similar,  so  that  it  becomes  alternately  transmitter 
and  receiver,  first  being  put  to  the  mouth  to  receive  sounds  and 
then  to  the  ear  to  impart  them.  Now  the  operation  of  this  appa- 
ratus depends  upon  the  simple  fact  that  any  motion  of  the  dia- 
phragm a  alters  the  condition  of  the  magnet  field  surrounding  the 
core  6,  and  any  alteration  of  the  magnet  field,  that  is,  either  its 
strengthening  or  weakening,  means  the  induction  of  a  current  of 
electricity  in  the  coil  c.  Moreover,  tlie  strength  of  this  induced 
current  depends  upon  the  amplitude  of  the  vibration,  and  its  form 
on  the  rate  of  vibration.    The  number  of  currents  sent  of  course 
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depends  upon  the  number  of  vibrations  of  the  diaphragm.  Now  each 
current  induced  in  the  coil  c  passes  through  the  line-wire  to  the  coil 
c^j  and  then  it  alters  the  magnetisation  of  the  core  i^,  increasing 
or  diminishing  its  attraction  for  the  iron  diaphragm  a^.  Hence  the 
diaphragm  a^  is  vibrated  also,  and  every  vibration  of  the  diaphragm 
a  must  be  repeated  on  the  diaphragm  a*  with  a  strength  and  form 
that  must  vary  exactly  together.  Hence,  whatever  sound  produces 
the  vibration  of  a  is  repeated  by  a^,  because  its  vibrations  are  an 
exact  repetition  of  tliose  of  a. 

It  is  quite  evident,  however,  that  Bell's  telephone  is  limited  in  its 
range.  The  currents  operating  it  are  very  weak,  and  it  is  so  sen- 
sitive to  currents  that  when  attached  to  a  wire  which  passes  in  the 
neighbourhood  of  other  wires  it  is  subject  to  be  acted  upon  by 
every  current  that  passes  through  any  one  of  those  wires.  Hence, 
on  a  busy  line,  it  emits  sounds  that  are  very  like  the  pattering  of 
hail  against  a  window,  and  which  are  so  loud  as  to  overpower  th^ 
effects  of  the  human  voice. 

Now,  Mr.  T.  A.  Edison,  of  New  York,  has  endeavoured  to 
remedy  these  defects  in  Bell's  by  introducing  a  transmitter,  which 


THE  TELEPHONE. 


529 


is  operated  by  battery  currents,  whose  strength  are  made  to  vary  di- 
rectly with  the  quality  and  intensity  of  the  human  voice.  In  carrying 
out  his  investigations  in  this  field  he  has  discovered  the  curious  fact 
that  the  resistance  of  plumbago  varies  in  some  ratio  inversely  with 
the  pressure  brought  to  bear  upon  it.  Starting  from  Reiss's  trans- 
mitter he  simply  substitutes  for  the  platinum  point  (d)  a  small 
cylinder  of  plumbago,  and  he  finds  that  the  resistance  of  this  cylinder 
varies  suflSciently  with  the  pressure  of  the  vibration  of  the  diaphragm 
to  cause  the  currents  transmitted  by  it  to  vary  in  form  and  strength 
to  reproduce  all  the  varieties  of  the  human  voice.     His  receiver 


Fig.  3. 

also  is  novel  and  peculiar.  In  1874  he  discovered  that  the  friction 
between  a  platinum  point  and  moist  chemically  prepared  paper 
varied  every  time  a  current  was  passed  between  the  two,  so  that 
the  rate  with  which  the  paper  moved  was  altered  at  will.  Now,  by 
attaching  to  a  resonator  a  a  spring  6,  whose  platinum  face  c  rested 
on  the  chemically  prepared  paper  rf,  whenever  the  drum  e  was 
rotated  and  currents  sent  through  the  paper,  the  friction  between  c 
and  e  is  so  modified  that  vibrations  are  produced  in  the  resonator  a, 
and  these  vibrations  are  an  exact  reproduction  of  those  given  out 
by  the  transmitter  at  the  other  station. 

Edison's  telephone,  though  not  in  practical  use  in  America,  is 
under  trial.  In  some  experiments  made  with  it  songs  and  words 
were  distinctly  heard  through  12,000  ohms,  equal  to  a  distance  of 
1000  miles  of  wire. 

Bell's  telephone  is,  however,  in  practical  use  in  Boston? 
Providence,  and  New  York.  There  are  several  private  lines  that 
use  it  in  Boston,  and  several  more  are  under  construction.  I  tried 
two  of  them,  and,  though  we  succeeded  in  conversing,  the  result 
was  not  so  satisfactory  as  experiment  led  one  to  anticipate.     The 
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interferences  of  working  wires  will  seriously  retard  the  employment 
of  his  apparatus,  but  there  is  no  doubt  that  scientific  inquiry  and 
patient  skill  will  rapidly  eliminate  all  practical  defects. 

To  Professor  Graham  Bell  must  be  accorded  the  full  credit  of 
being  the  first  to  transmit  the  human  voice  to  distances  beyond  the 
reach  of  the  ear  and  the  eye  by  means  of  electric  currents. 


THE  ELECTRICITY  OF  LEAVES. 

At  the  last  meeting  of  the  Royal  Society  Dr.  Burden- Sanderson 
read  a  paper  on  the  mechanical  effects  and  the  electrical  disturbance 
consequent  on  excitation  of  the  leaf  of  Dionaa  musci  ptila.  The 
mechanism  by  which  the  leaf  of  Dionsea  closes  has  already  been 
studied  by  Mr.  Darwin,  but  the  experiments  now  made  add  much 
to  our  knowledge  of  the  nature  of  the  excito-contractile  process  in 
plants  and  animals.  The  first  set  of  experiments  were  to  determine 
the  time  that  elapsed  between  touching  one  of  the  sensitive  hairs 
and  the  first  perceptible  motion.  The  touches  were  given  at 
intervals  of  two  minutes.  The  first  half-dozen  produced  no 
mechanical  effect.  Then  25  successive  touches  produced  effects 
which  variously  took  7,  5,  and  3  seconds  before  they  caused  actual 
motion.  The  26th  touch  produced  motion  in  2*  seconds,  and  at 
the  27th  the  leaf  closed.  It  was  found  by  attaching  a  one-gramme 
weight  that,  with  each  touch  after  closing,  the  leaf  clenched  tighter. 
With  regard  to  the  electrical  condition  of  the  leaf  it  is  found  the 
external  surface  is  positive  to  the  internal.  The  electrical  disturb- 
ance is  strictly  limited  to  the  surface  of  the  leaf,  and  does  not 
extend  to  the  petiole:  the  petiole  simply  serves  as  an  ordinarv 
moist  conductor.  Experiments  were  also  made  to  ascertain  the 
centre  of  greatest  electrical  intensity  in  the  leaf,  and  tables  giving 
the  results  of  many  experiments  have  been  drawn  up.  In  animals 
it  has  long  been  known  that  only  the  nervous  and  muscular  tissues 
are  electromotive,  and  it  would  appear  that  in  plants  it  is  the  leaf 
alone  that  is  electromotive.     It  was  found  by  shifting  the  needle- 
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points  to  different  pai'ts  of  the  leaf  that  when  one  part  was  ex- 
hausted and  would  produce  no  effects  other  parts  would,  thus 
indicating  that  the  excitability  of  the  plant  is  a  property  possessed 
independently  by  the  protoplasm  of  every  cell  in  tho  excitable  area. 
Experiments  have  also  been  made  as  to  the  time  that  elapses 
between  touching  a  hair  and  tlie  manifestation  of  electric  disturb- 
ance, and  it  is  found  to  bo  from  one-sixtb  to  one-eighth  of  a  second. 
Similar  experiments  on  other  plants  are  promised. 

I     There  are  few  chiomeys  which  have  any  peculiar  historic  interest, 
■601  an  exception  is  presented  in  one  built  at   Glasgow  by  Mr. 
Joseph   Townseud,  and   attached  to   that    gentleman's    chemical 
works,     Tbia  chimney  is  to  its  neighbours  what  Mont  Blauc  is  to 
the  rest  of  the  Alps— a  giant  among  pigmies.     The  foundation  of 
this  chimney  was  laid  in  March,  1857,  and  ou  the  6tli  of  October, 
1859,  the  coping  was  added  at  the  top,  at  a  height  of  468  feet 
.     from  the  foundation,  and  454  feet  from  the  level  of  the  ground. 
■      At  the  foundation  the  outside  diameter  is.  50  feet,  and  at  the 
P'inirface  it  has  diminished  to  32  feet,  while  at  the  top  of  the  coping 
tihe  diameter  is  12  feet  8  inches.     Ou  the  9tb  of  September,  1859, 
and  while  the  chimney  was  still  unfinished,  and  therefore  before 
the  mortar  was  dry,  a  storm  occurred,  and  resulted  in  swinging  the 
chimney  out  of  the  perpendicular  to  the  extent  of  5  feet  at  the  top. 
This  accident,  though  perhaps  directly  due  to  the  storm,   had  its 
origin  in  a  neglect  in  the  building  process.     Proper  allowance  had 
not  been  made  for  the  contraction  of  the  mortar  used  in  setting  the 
bricks,  aud   as  a  consec[uence  a  certain  immber  of  planks  were 
under  a  great  pressure,  being  arched  in  tlie  eenti'e.     Suddenly  one 
Lrf  these  at  one  side  gave  way  in  the  oscillation  caused  by  the 
f  storm,  and  with  the  unequal  pressure  the  chimney  was  then  forced 
the  perpendicular   to   the   extent   above    stated.     Tliat   the 
^dent  occmTod  in  this  way  Mr.  Joseph  Townsend  ascertained  by 
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personal  observation.  For  a  time  some  fear  was  entertained  that 
the  whole  chimney  would  come  down,  but  on  the  21st  of  the  same 
month  measures  were  taken  to  prevent  this,  and  by  the  1st  of 
October  the  whole  was  restored  to  the  original  upright  form.  This 
was  effected  by  sawing  the  chimney  on  the  side  nearest  to  an 
imaginary  straight  line.  The  following  figures  give  the  intervals 
at  which  cuttings  were  made  r^ — 

1  -  -  128  feet  from  the  top 

2  -  -  49  feet  below  1 
3 
4 
5 
6 

7  .  . 

8 
9 

10 
11 
12 
13 

449  feet. 

When  the  chimney  was  only  two  years  old  it  was  struck  by 
lightning,  and  a  fire  ensued,  the  composition  gas-tubing  being 
melted  at  a  distance  of  100  feet  from  the  gas  meter,  though  this 
latter  was  situated  20  feet  from  the  chimney.  To  understand  how 
this  happened  it  is  necessary  to  state  a  few  additional  facts.  The 
chimney  was  provided  with  an  electric  conductor  on  one  side,  and 
a  coil,  which  united  with  the  conductor  near  the  ground,  where 
together  they  were  bound  to  an  iron  rod  and  passed  through  a 
well  of  water,  situated  near  the  side  of  the  foundation,  7  feet 
square  and  2  feet  deep,  and  thence  down  about  8  feet  into  the 
earth.  Now,  into  this  well  comes  the  drainage  of  the  works,  and, 
further,  the  discharge  pipe  from  a  water-closet,  and  it  was  found 
on  investigation,  that,  although  the  pipe  actually  discharging  into 
the  well  was  of  stoneware,  yet,  further  backj  it  was  in  connection 
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with  one  of  cast  iron.  This  latter  pipe,  being  midway  between  the 
conductor  and  the  gas  composition  tubing,  must  have  served  as  a 
vehicle  for  the  electricity,  which  must  then  have  completed  its 
circuit  by  the  gas-pipe,  which  was  thereby  melted,  and,  the  gas 
escaping,  caused  the  fire. 

To  prevent  the  recurrence  of  such  an  accident  the  cast-iron  pipe 
was  removed  and  one  of  stone- ware  substituted.  All  now  went 
well  till  three  years  ago,  when  the  chimney  was  again  struck  by 
lightning  at  150  feet  from  the  top,  30  bricks  being  then  dashed 
out.  Again  an  examination  was  instituted,  and  it  was  foimd  that 
a  separation  had  been  effected  between  the  conductor  and  the  rod 
of  iron  with  which  it  was  bound  where  .it  passed  through  the  well 
at  the  bottom.  This  separation  had  probably  happened  before  the 
accident  occiurred  and  so  possibly  caused  it  A  new  rod  10  feet 
long  and  passing  8  feet  into  the  earth  was  now  substituted  for 
binding  the  conductor  and  coil  together,  and  the  whole  was  well 
tallowed  to  prevent  oxidation,  and  was  finally  inclosed  in  a  wooden 
box,  of  which  the  side  of  the  chimney  made  the  fourth.  But  a 
year  ago  the  chimney  was  once  more  struck  by  lightning  on  the 
opposite  side  to  that  which  was  last  attacked,  that  is,  on  the  side 
along  which  descends  the  conducting  rod.  On  this  occasion  a  part 
of  the  coping  stone  was  knocked  off,  and  Mi\  Joseph  Townsend, 
impressed  with  the  necessity  of  making  some  material  change  in 
the  whole  system  of  protection  from  lightning,  is  now  providing 
the  chimney  with  an  apparatus  which  it  is  to  be  desired  will  fiilfil 
its  object. 

This  arrangement  may  be  described  in  a  few  words.  On  the 
top  of  the  coping  stone  are  fixed  four  equidistant  rods,  about  3 
inches  wide  and  1  inch  thick ;  these  terminate  in  stars  or  arrow- 
heads, and  above  them  in  the  centre  ascends  a  rod  20  feet  long  and 
higher  than  the  rest,  terminating  in  a  double  arrow-head.  All 
these  are  properly  connected  with  bands  of  iron,  and  are  placed  in 
good  communication  with  the  electric  conductor  and  coils. 

As  may  be  readily  imagined,  there  is  some  difficulty  and  not  a 
little  danger  in  raising  such  masses  of  iron  to  the  height  of  470 
feet,  but  still  more  difficult  and  dangerous  is  it  to  construct  the 
apparatus  at  the  top,  and  fix  it  and  bolt  it  together  as  is  required. 
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For  besides  the  exposure  of  the  Tvorkman  to  the  gases  from  the 
chimney,  the  atmosphere  is  often  highly  electric  at  that  height,  and 
freedom  from  sudden  wind  cannot  be  insured.  The  construction 
is  nevertheless  approaching  completion,  and  the  whole  of  it  has 
been  done  by  one  man,  Mr.  B.  Hall. 

In  concluding  this  sketch,  which  we  hope  may  prove  of  some 
interest  to  manufacturers  who  have  tall  chimneys  attached  to  their 
works,  we  would  merely  point  out  that  not  a  little  success  of  the 
working  of  an  electric  conductor  depends  upon  the  way  in  which 
it  is  sought  to  distribute  the  electric  current  over  the  earth.  It  is 
not  sufficient  simply  to  pass  the  rod  down  so  many  feet  into  the 
ground,  but  it  should  terminate  preferably  in  a  plate  or  sheet  of 
iron  so  as  to  present  a  good  surface  for  diffusion. — Iron. 
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Brooks,  David  . 

Bbown,  a.  S.      . 


BURTON,  CHARLES,  A.I.C.E. 

{Honorary  Secretary  for  the  Argef^ 
tine  Rejmblic.) 


Menlo  Park,  New  Jersey,  U.S. 

103,  Rne  de  Crenelle,  St.  Germains, 
Paris. 

Atlantic  and  Pacific  Telegraph  Com- 
pany, 145,  Broadway,  New  York. 

Goyemment     Telegraphs,    Teheran, 
Persia. 

Carthagena,  Spain. 

103,  Rne  de  Crenelle,  St.  .Germains, 
Paris. 

Telegraph  Department,  Venlo,  The 
Netherlands. 

103,  Rae  de  Grenelle,  St.  Germains, 
Paris. 

73,  Beekman  Street,  New  York,  U.S. 

39,  Quai  de  PHorloge,  Paris 

39,  Qnai  de  PHorloge,  Paris. 

Divisional    Inspector    of  Netherland 
Telegraphs,  Boosendaal. 

22,  South  Twenty-first  Street,  Phila- 
delphia,  U.S. 

Western  Union  Telegraph  Company, 
New  York. 

Telegraph  Engineer,  Bnenos  Ayres. 


Calahan,  E.  a.  . 
Capanena,  Professor  . 

Cappanera,  Lamberto 
Cardarelli,  Fedeli  . 
Carstens,  p.  Bogilaus 

Castaldi,  Silvio 

Chandler,  Albert  B.  . 

COLLETTE,  J.  M. 

(^Honorary  Secretary  for  the 
Netherlands  ) 

COUBTBNAY,  L.  W. 


.    New  York,  U.S. 

.    Director-General     of    the    Brazilian 
Telegraphs. 

.    Florence,  Italy. 

.    4,  Hurst  Street,  Heme  Hill,  S.E. 

.    Royal    Danish    Telegraphs,    Ronne, 
Bomholm,  Sweden. 

.    Telegraph     Department,      Teheran, 
Persia. 

.    Atlantic  and  Pacific  Telegraph  Com- 
pany, 145,  Broadway,  New  York. 

.    Engineer   of   the    Netherland    Tele- 
graphs, The  Hague. 

.    45,  Rue  de  Luxembourg,  Paris. 


Dakebs,  James  . 


Manager,  Montreal  Telegraph  Com- 
pany, Montreal,  Canada. 


FOHEION  MEMBERS. 


D'AMICOy  M.  le  Commandenr,  £. 
(^Honorary  Secretary  for  Italy,) 

DBHMS,Dr.  Fb.    .  .  .  . 

DELABGE,  FRlfeDlfcRIC 

(^Honorary  Secretary  for  Belgium,) 

D'iNFBBVILLE,  GeORQE 

DOLAN,T.  .  .  .  . 

Dbeteb,  Lieut.  Fbbdebick 

DUOOTlft,  J.  .  .  .  . 

DWIGHT,  J.  H.      . 


Director-General  of  the  Italian  Tele- 
graphs, Home. 

Imperial  Telegraphs,  ConstanzyBaden. 

Engineer  of  the  Belgian  Telegraphs, 
Brussels. 

129,  Broad  Street,  New  York. 

Western  Union  Telegraph  Company, 
New  York. 

Royal  Danish  Navy,  Shanghai. 

103,  Rue  de  Grenclle,  St.  Germains, 

Paris. 

Western  Union  Telegraph  Company, 
New  York. 


EcKEBT,  Gen.  Thomas  T. 

Edison,  Thomas  A. 
Eldik,  R.  K.  Van 

EVEBS,  I.  C. 


.    President,  Atlantic  and  Pacific  Tele- 

fraph  Company,  145,  Broadway, 
rew  York,  U.S. 

.    Menlo  Park,  New  Jersey,  U.S. 

.  Divisional  Inspector  of  Netherland 
Telegraphs,  Venlo,  The  Nether- 
lands. 

.  Inspector  of  Railway  Telegraphs, 
Utrecht,  The  Netherlands. 


Pabmeb,  Professor  MoSES  G.    . 
eobsmann,  cm. 

Ebischen,  Cabl  . 


U.S.  Torpedo  Station,  Newport,  R.I. 

Swedish  Government  Telegraph  Ad- 
ministration. 

91,  Markgrafcn  Strasse,  Berlin. 


GiMENEZ,  Don  Rafael  . 
GiBABDiN,  Joseph 

Gbaapp,  M.  C.  de 
Gbaoe,  G.  H.      . 


Gbamaooini,  Jules  H.  F. 
Gbay,  Elisha 
Gtjillbaumb,  F.  C. 


.    Santiago,  Chili. 

.  Director  of  Belgian  Telegraphs, 
Brussels. 

.    Telegraph  Department,  Venlo,  The 

Nethcrhinds. 

.  Southern  and  Atlantic  Telegraph 
Company,  197,  Broadway,  New 
York,  XLS. 

.  Government  Telegraph  Department, 
Marseilles. 

.    220,  Einzie  Street,  Chicago,  Illinois, 

U.S. 

.    Colog&e,  Rhenish  Prussia. 
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FOREIGN  MEMBERS. 


Hamilton,  Geobge  A.  . 
Hansen,  Emil  A. 
Haskins,  C.  H.    . 
Haupp,  p.  p. 


Helland,  Geoboe  T.    . 
Henninosen,  Jacob 

Hequet,  a. 

Hofpmieb,  Gustav 
HosKiiEB,  Capt.  V. 
Hughes,  Professor,  D.  E. 


Western  Union  Telegraph  Company. 
197,  Broadway,  New  York,  U.S. 


North  Western  Telegraph  Company, 
Milwaukee,  Wisconsin,  U.S. 

Atlantic  and  Pacific  Telegraph  Com- 
pany, 145,  Broadway,  New  York, 
U.S. 

Great  Northern  Telegraph  Company, 
Shanghai. 

Great  Northern  Telegraph  Company, 
Poochow,  China. 

103,  Rne  de  Crenelle,  St.  Germains, 
Paris. 

Royal  Danish  Engineers,  Copenhagen. 

Submarine      Telegraph      Company 
Threadneedle  Street,  E.C. 


ISLA,  Don  PEDBO  I  DE  LA 


.    Goyemment  Telegraph  Department, 
Barcelona. 


Jageb,  T.  de 


Johnson,  Edward  H. 


.  Diyisional  Inspector  of  Netherland 
Telegraphs,  Leeuwarden,  The 
Netherlands. 

New  York,  U.S. 


Kellogg,  Milo  G.  . 


.    220,  East  Kinzie  Street,  Chicago,  U.S. 


Lacoine,  Emile 
Ladd,  George  J. 
Lagarde,  Joseph 
Lagore,  Don  Luis 
Larkin,  Thomas  J. 
Lasard,  Dr.  Adolphe 


.    Director   of    Telegraphs,    Constanti- 
nople. 

.    Western  Union  Telegraph  Company, 
San  Francisco,  TJ.S. 

.    103,  Rue  de  Grenelle,  St.  Germains, 
Paris. 

.    National      Telegraph      Department, 
Bella  Vista,  Argentine  Republic. 

.    Imperial     Government     Telegraphs, 
Japan. 

.     German  Union  Telegraph  [Company, 
Werder  Strasse,  Berlin. 


FOREIGN  MEMBERS. 


Lopez,  Don  Juan 
Lopez,  Don  Pedbo 

LOBENTZEN,  VALDEMAB 

L0DEBS,  His  Excellency  Gen.  VOK 

LUTTEMAN,  p.  J,  H.         . 


.    National      Telegraph      Department, 
Buenos  Ayres,  Argentine  Republic. 

.  National  Telegraph  Department, 
Rosario,  Argentine  Republic. 

.    Royal  Danish  TelegraphSjCopenhagen. 

.  Director-General  of  the  Lnperial 
Russian  Telegraphs,  St.  Peters- 
burg. 

.  Swedish  Goyemment  Telegraph  Ad- 
ministration. 


MADSEN,  C.  L 

{Honorary  Secretary  for  Denmark.) 

Maetial,  a.  De  Saint 

Maynabd,  G.  C.  . 

Mebbihew,  J.     .... 

Meyeb,  B.  .... 

Moncel,  Count  Theodobe  du  . 

MOOLENAAB,  ReEDEB,  H.  A.      . 

MOOBE,  Geobqe  W.        . 
MOBA,  Don  Obestes  de 

MOBi,  Don  Emilio 


16,  Fredericksberg  Allee,  Copenhagen , 

Secretary  of  the  International  Bureau, 
Berne. 

701,  Fifteen  Street,  Washington,  U.S. 

Western  Union  Telegraph  Company, 
Philadelphia,  U.S. 

No.  1,  Boulevard  St.  Denis,  Paris. 

7,  Rue  de  Hambourg,  Paris. 

Divisional  Inspector  of  Netherland 
Telegraphs,  Amsterdam. 

Erie,  Pennsylvania,  U.S. 

Director  of  Spanish  Telegraphs, 
Madrid. 

National  Telegraph  Department 
Buenos  Ayres,  Argentine  Re- 
public. 


Navalla,  W.  S.  .  .  .    Telegraph      Department,     Teheran, 

Persia. 

NIELSEN,  C.       .  .  .  .    Director-General   of   the    Norwegian 

(Honorary  Secretary  for  Norway.)  Telegraphs,  Christiana. 

Nielsen,  C.  P.    .  .  .  .    Great  Northern  Telegraph  Company, 

Amoy,  China. 

Nielsen,  F.  C.  C.  .  .  .    Great  Northern  Telegraph  Company, 

Hong-Kong,  China. 

Nielsen,  Julius  .  .  .    Great  Northern  Telegraph  Company, 

Copenhagen. 

NiELSON,  Hugh  .  .  .    Telegraph  Engineer,  Toronto,.Canada. 

Niebmeyee,  J.  F.  Netherlands  State  Telegraph  Office, 

Amsterdam. 
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FOREIGN  MEMBERS. 


Oloriz,  Don  Antonio 
Orton,  Hon.  William 


Spanish  Govemment  Telegraphs, 
Santahder. 

President  Western  Union  Telegraph 
Company,  146,  Broadway,  'New 
York. 


Paulsen,  Nielo  M. 

Pellegbino,  Commander  Hebico 
Pentasuglia,  Commander  G.B. 
Petebsen,  Carl  A. 

Petebsen,  Julius 

Pfobden,  Fbedebicr  von  des 
Phillips,  William  J.  . 
Pope,  Pbank  L. 
Pbescott,  Geobge  B.   . 


.    Great  Northern  Telegraph  Company, 
Liban,  Rossia. 

.    Italian  Telegraphs,  Florence. 

.    Italian  Telegraphs,  Florence. 

.    Royal  Danish  Telegraphs,  Fredericia, 
Denmark. 

.    Great  Northern  Telegraph  Company, 
Calais. 

.    East  Indian  Telegraphs,  Batavia. 

.    Philadelphia,  U.S. 

.    Elizabeth,  New  Jersey,  U.S. 

.    Western  Union  Telegraph  Company, 
197,  Broadway,  New  York,  U.S. 


Ran,  Edouard  . 
Raymond,  Mons. 

Raynaud,  Jules 

Redonet,  Don  JosiS  DE  . 
Rentzch,  Fred.  John  . 

Repsold,  J.  G.  . 
Rousseau,  A.  J. . 
Russell,  Thorwold  F. 


.    75,  Rne  d'Arlon,  Bmssels. 

.  Director  of  Stores  and  Works,  103, 
Rue  dc  Grenelle,  St.  Germains, 
Paris. 

.  103,  Rue  de  Grenelle,  St.  Germains, 
Paris. 

.     Santander,  Spain. 

.  East  Indian  Telegraphs,  Banjoc- 
wargie,  Java. 

.    25,  Alsterweg,  St.  George,  Hamburg. 

.     80,  Nevsky,  St.  Petersburg. 

.  Great  Northern  Telegraph  Company, 
Nagasaki,  Japan. 


Sargent,  W.  D. 

Salvatobi,  F.     . 
schmitt,  j.  e.    . 


American  District  Telegraph  Com- 
pany, Philadelphia,  U.S. 

Italian  Telegraphs,  Rome. 

Royal   Danish    Telegraphs,   Nyborg, 
Denmark. 


FOREIGN  MEMBERS. 
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SCHONHEYDEB,  Lieut.  SOPHUS. 

ScHOPiNSKi,  Don  Leon  . 

Sellebs,  C.  T.    . 
SIEMENS,  Dr.  WERNER 
Smith,  Gebbitt  . 

SOLDAN,  Don  Cablos  Faz 
Sonne,  Professor  Cabl  C. 
Spanq,  H.  W.     . 
Stabikg,  William 

Steabns,  J.  B.    . 

Stbaube,  Otto  . 

Suensok,  Albebt 

Stjenson,  Capt.  Edwabd 

SUMMEBS,  C.  H. 

SwiNYABD,  Thomas 


Royal  Danish  Telegraphs,  Nykjobing- 
Paa-Falster,  Denmark. 

National      Telegraph      Department, 
Salta,  Argentine  Republic. 

Reading,  Pennsylvania,  U.S. 

94,  Markgrafen  Strasse,  Berlin. 

Western  Union  Telegraph  Company, 
197,  Broadway,  New  York,  U.S. 

Lima,  Peru. 

Darmstadt,  Germany. 

Reading,  Pennsylvania,  U.S. 

Director  of  the  Netherland  Telegraphs, 
The  Hague. 

33,  Montague  Place,  Russell  Square, 
W.C. 

Sub-Director  of  Telegraphs,  No.  187, 
Calle  Cangallo,  Buenos  Ayres. 

Great  Northern  Telegraph  Company, 
Hong  Kong,  China. 

Great  Northern  Telegraph  Company, 
Copenhagen. 

Western  Union  Telegraph  Company, 
Chicago,  Hlinois,  U.S. 

Managing  Director,  Dominion  Tele- 
graph Company,  Toronto,  Canada; 


TabIt,  Don  Nabciso     . 
Thomsek,  Valdemab   . 

TlLLOTSON,L.  G. 

Tobbes,  Don  Diego 
Tbant,  Lawbence  B.   . 

Trant,  Peteb  Nicholas 


14^,  Pasco  Gracia,  Barcelona. 

Great  Northern  Telegraph  Company, 
Nystad-in-Finland,  Russia. 

8,  Dey  Street,  New  York,  U.S. 

Santiago,  Chili. 

Provincial  Telegraph  Department,  103, 
Calle  Cangallo,  Buenos  Ayres. 

Provincial    Telegraph    Department, 
Rosario,  Argentine  Republic. 


Ugabto,  Don  A.  V. 


.    Santiago,  Chili. 


V1A.L,  DON  RAMON  .  .  .    Director  General  of  the  Chilian  Tele- 

{ffonorary  Secretary  for  Chili,)  graphs,  Santiago,  Chili. 

Viale,  Chevalier  Clemente     .  .    Italian  Telegraphs,  Florence. 
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FOREIGN  MEMBERS. 


ViANisi,  Marquis  L. 

ViNCHENT,  JULIEN 
VOOEL,  CABL 


.    Messina. 

.    Inspector-General    of    the    Belgium 
Public  Works,  Brussels. 

.    94,  Markgrafcn  Strasse,  Berlin. 


Zetzsche,  Professor,  Dr.  K.  E. . 
ZiGNANO,  Don  Luis 


.    Professor  of  Telegraphy,  Rojal  Saxon 
Polytechnicon,  Dresden. 

.    National  Telegraph  Department,  Fre- 
deracio,  .Argentine  Republic. 


Total  number  of  Foreign  Members  .  149 


MEMBERS. 


ABEL,  Professor,  F.R.S. 
^President.) 

ADAMS,  Professor  W.  G.,  F.R.S. 
(Member  of  Council.) 

Ahbrn,  John 

Allen,  James    .  .  .  , 

Anderson,  Richard,  F.C.S.     . 

ANDERSON,  S.  Capt.  R.E.       . 
(Member  of  ConnciL) 

Andrews,  Thomas 
Andrews,  W.  S. 

ANSELL,  WiLLLAJl  T.      . 

Armstrong,  Adam 

ARMSTRONG,  R.  Y.,  Capt.,  R.E. 

(Member  of  Council.) 

Ashurst,  W.  H. 

Atkinson,  Dr.  E.,  F.C.S. 

AYLMER,  JOHN,  Civil  Engineer 

(^Honorary  Secretary  for  France.) 

AYRTON,  W.  E. 

•(^Honorary  Secretary  for  Japan.) 


Royal  Arsenal,  Woolwich. 

Physical  Laboratory,  King's  College 
W.C. 

6,    Dale    Street,    Lower    Broughton 
Road,  Manchester. 

Telegraph      Superintendent,      Great 
Southern  Railway,  Buenos  Ayres. 

R.  S.  Newall  and  Co.,  130,  Strand, 
W.C. 

Junior  United  Service  Club,  S.W. 

FreucU  Atlantic  Telegraph  Company 
Brest. 

16,  Telegraph  Street,  E.C. 

6C,  Old  Broad  Street,  E.C. 

Regents    Works,    Harrowly    Street, 
Manchester. 

Chatham. 

General  Post  Office,  E.C. 
Portesbury  Hill,  Camberley,  Surrey. 
4,  Rue  dc  Naples,  Paris. 

Imperial  College,  Tokei,  Japan. 


Bailey,  W.  H.    .  .  .    Albion  Works,  Salford,  near  Man- 

chester. 

Barlow,  William  Henry,  F.R.S.      .    2,  Old  Palace  Yard,  S.W. 

BATEMAN-CHAMPAIN,  J.  U.,  Major    55,  ParUament  Street,  S.W. 
R.E.  (Vice-President.) 

Bell,  Andrew  ....    Postal  Telegraphs,  Gloucester  Road, 

N.W. 

Bennett,  Alfred  Rosling  .  .10,  Palmerston  Road,  Upton,  Essex. 

Betts,  a.  S.        .  .  .  .    Kurrachee. 

Betts,  J.  a.        .  .  .  .    Foochow,  China. 

Betts,  J.  F.  H.    .  .  .  .    lOp,  Cannon  Street,  E.C. 

Bird,  George     ....    Telegraph  Department,  Christchurch, 

Canterbury,  New  Zealand. 
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MEMBERS. 


Bishop,  James  Dbapeb 
Blanchfoed,  Hubert  . 

Blissett,  T.       .  .  . 

BOLTON,  FRANK,  Lt.-Colonel 
(^Honorary  Secretary,) 

Bordeaux,  John 

botelee,  r.       .  , 

Boyle,  R.  Vicaes,  C.S.I.,  M.I.C.E. 
Bbasher,  A. 
Brigos,  James  A. 

Bright,  Sir  Charles,  M.I.CE. 

BRISTOW,  G.  L. 

{Honorary  Solicitor.) 

Brittle,  John  Richard 

Broadbent,  T.  E.,  Lieut,  R.E. 
Brooke,  William  R. 

Brough,  R.  S.     . 

Brown,  E.  0.      . 
Burke,  E.  Haviland    . 
Burke,  J.  .  .  . 

Bury,  Viscount,  K.C.M.G. 


.    Shanghai. 

.  Direct  United  States  Cable  Co.,  116, 
Falmerston  Buildings,  Old  Broad 
Street,  E.G. 

.  Indian  Goyemment  Telegraphs,  Cal- 
cutta. 

.  4,  Broad  Sanctuary,  Westminster, 
S.W. 

.  Submarine  Telegraph  Company, 
Dover. 

.  Indian  Government  Telegraphs,  Cal- 
cutta. 

• 

.    bZy  Parliament  Street,  S.W. 

.  Indian  Government  Telegraphs,  Bas- 
sein,  British  Burmah. 

.    11,  Delahay  Street,  W. 

.    1,  Copthall  Buildings,  E.G. 

.  12,  Queen  Anne's  Gate,  Westminster, 
S.W. 

.    Calcutta,  India. 

.  Indian  Government  Telegraphs, 
Bombay. 

.  Indian  Government  Telegraphs,  Cal- 
cutta, India. 

.    Royal  Arsenal,  Woolwich,  S.E. 

• 

.    Indian  Government  Telegraphs. 
65,  Princes  Gate,  W. 


Canning,  Sir  Samuel,  C.E. 

Cargill,  W.  W.,  F.R.G.S. 

Cecil,  Lord  Sackville  . 
Chambre,  Alan  E. 
Charles,  G.  G.  . 

CHAUVIN,  GEORGE  VON     . 

(^3Icmher  of  Cou7icil.) 

Clark,  Edwin,  M.I.CE. 

CLARK,  LATIMER,  M.I.CE. 

(^Past  President.) 

Collett,  Richard 

Cooke,  Sir  William  Fotheegill 


.    7,  Great  Winchester  Street  Buildings, 
Old  Broad  Street,  E.G. 

.    Care  of  Messrs.  Malcolm,  Brunlees,  and 
Co.,  14,  St.  Mary  Axe,  E.G. 

.    Hayes  Common,  Beckenham,  Kent. 

.    Camera  Lodge,  South  Norwood,  S.E. 

.    Indian  Government  Telegraphs,  Cal- 
cutta. 

.    6,  Half  Moon  Street,  Piccadilly,  W. 

.    6,     Westminster     Chambers,    West- 
minster, S.W. 

.    6,     Westminster     Chambers,    West- 
minster, S.W. 

.    25,  Burghley  Road,  Highgate  Road, 
N.W. 

.    Famham,  Surrey. 


M£MBEES. 
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CRACKNELL,  E.  C.      . 

( Honor a/ry  Secretary  for  New  South 
Wales.) 

CbacknelLjW.  J. 

Cbiswick,  George  S.    . 

Cbockeb,  Henbt  Ring  . 

Cbomabtie,  D.  B. 

Cbossman,  Lt.-Col.  William,  R.E. 
CULLBY,  R.  S.,  M.I.C.E. 


Sydney,  Australia. 


Brisbane,  Australia. 

Royal  Observatory,  Greenwich. 

15,  Kent  Terrace,  East  Greenwich. 

Indian  Govemment  Telegraphs,  Cal- 
cutta. 

War  Office,  Whitehall. 

Postal     Telegraphs,    General     Post 
Office. 


Baniell,  Fbakcis  I.  B. 

Dakyebs,  Juland 
Deake,  Thomas 
Debino,  Geobge  E. 
Dbspointes,  F.  . 

Donovan,  H.  C.  . 

Douglas,  Col.  R.A. 

Douglas,  J. 
DUNLOP,  John  M. 


.    Indo-European  Telegraphs,  Teheran, 
Persia. 

.    India  Office,  S.W. 

.    Common  Side,  Mitcham,  Surrey. 

.    Lockleys,  Wehvyn. 

.    Submarine      Telegraph      Company, 
Threadneedle  Street. 

.    23,  Ashbumham  Groye,  Greenwich 
S.E. 

.    East  India  United  Service  Club,  14, 
St.  James's  Square,  S.W. 

.    Indian  Government  Telegraphs. 

.    Holebird,  Windermere. 


ECKFOBD,  J.  Major  R.E. 

Ellis,  William,  F.R.A.S 

ERICHSEN,  H.  G. 

{Member  of  Council,) 

Estleb,  Paul     . 
Evans,  Mobhimeb 


Indian  Govemment  Telegraphs,  Cal- 
cutta. 

Royal  Observatory,  Greenwich. 

7,  Great  Winchester  Street  Buildings, 
E.C. 

Messrs.  Siemens  Works,  Charlton. 

West  Regent  Street,  Glasgow. 


Faulkneb,  John 

Fbathbbstonhaugh,  a.  Capt.  R.E. 
Ffinch,  B.  T.      . 

Fischeb,  H.  C.    . 

FiTZGEBALD,  DBSMOND  G. 


.    13,  Great  Ducie  Street,  Strangeways, 
Manchester. 

.    (Messrs.  Cox  &  Co.)  London. 

.    Indian  Govemment  Telegraphs,  Cal- 
cutta. 

.    Postal    Telegraphs,    General     Post 
Office,  E.C. 

.    6,  Loughborough  Road,  North  Brix- 
ton, S.W. 
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Fleming,  J.  C.    . 

Floyd,  Willlaji  Henby 

FoBDE,  H.  C,  M.I.C.E. 

FosTEB,  A.  LE  Neve 

FOSTER,  Pbopessob  G.  C,  F.li.S. 
(  Vice-President.) 

Fbance,  J.  R.      . 
Fbancis,  Fbank  Richabd 


Fbasi,  Fbedebick 
Fulleb,  John    . 

Fulleb,  John  W. 

Fulleb,  Thomas 

Fubze,  Edwin    . 


Saperintendcnt    Grovemment     Tele- 
graphs, Perth,  Western  Australia. 

Government   Telegraphs,    Tauranga, 
Bay  of  Plenty,  New  Zealand. 

6,  Duke  Street,  Adelphi,  W.C. 

East  Hill,  Wandsworth. 

12,  Hilldrop  Road,  N. 

27,  Amherst  Road,  Hackney. 

Crown  Telegraph  Works  Company, 
52  and  85,  Hatton  Garden,  E.C. 

65,  Brewer  Street,  Woolwich,  S.E. 

Newcastle  Wharf  Works,  Old   Ford 
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Broad  Street,  E.G. 

Postal   Telegraphs,'  Camden    Town, 

N.W. 


Badcock,  John  J. 

Bagnold,  Arthur  II.  Lieut.  R.E. 

Bailey,  John     . 

Bailey,  S.  S.       . 

Bambhidge,  G.  H. 

Banker,  S.  M.    . 
Barey,  J.  D.       . 

Barry,  P.  F. 

Batcheldee,  Robert  . 
Bayly,  Brackenbury  . 
Bazeley,  Thomas 


.    Telegraph  Message  Branch,  G.P.O. 

.    Aldershot. 

.    India  Rubber  Co.,  Silvertown,  E. 

.     Anglo-American     Cable     Company, 
Heart's  Content. 

.    Superintendent,  Direct  United  States 
Cable  Company,  London. 

.    Postal  Telegraphs,  G.P.O.,  E.G. 

.    116,  Palmerston  Buildings,  Old  Broad 
Street,  E.G. 

.     Brazilian    Telegraph    Company,    St. 
Vincent. 

.     88,  Bolsover  Street,  N.W. 

.    Government  Telegraphs,  Cape  Town. 

Postal  Telegraphs,  Cardiff. 
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Beckett,  J.  W.  . 
Beckinsale,  Edgab  William 

Bedborough,  James     . 

BELCfHAMBER,  W. 

Bell,  Alexandeb  Cabltle 

Ben' EST,  Henry 
Bent,  William  .  , 

Bebesfoed,  C.  F.  C,  Lieut.  R.E. 
Bebesford,  James 

Bebneb,  I.  O.  L. 


Beswick,  J.  H.  . 
Betts,  Walteb 

BfiwiCK,  T.  J.,  C.E. 

BiDDEB,  Samuel 

BiNNEY,  W.  P.     . 

Black,  Fbancis  Daniel 
Blewett,  Geobge 

BLUNDELL,  J.  WAGSTAFFE 

(Auditor,) 

BoHB,  Heinbick  G.  C.  . 

BOMPAS,  G.  C.      . 

BOTHAM,  Corporal  Abthub,  R.E. 

BOTTOMLEY,  J.  T. 

BoTTOMLEY,  William  . 

boubne,  robebt  o. 

Bbodie,  Colin    . 
Bbook,  Albebt  . 

Brook,  Walteb 

Bbown,  G. 

Bbown,  James   . 

Bbown,  R.  T.      , 


.    Postal  Telegraphs,  Lancaster. 

.  23,  Langley  Street,  Newport,  Isle  of 
Wight. 

.  Indo-European  Goyemment  Tele- 
graphs, Enrrachee. 

.    Postal  Telegraphs,  Cardiff. 

.  Thames  Chambers,  12,  York  Build- 
ings, Adelphi,  W.C. 

.    India  Rubber  Company,  Silvertown. 

.    6,  Duke  Street,  Adelphi,  W.C. 

.    Aldershot. 

.  Messrs .  Richard  Johnson  and  Nephew, 
Manchester. 

•  Great  Northern  Telegraph  Company 
7,  Great  Winchester  Street  Build- 
ings, E.C. 

.    91,  Garden  Lane,  Chester. 

.  Anglo-American  Cable  Company, 
Brest. 

.    4,   Broad    Sanctuary,    Westminster, 

S.W. 
.    Hynfield  House,  Mitcham. 

.  Eastern  Telegraph  Company,  Syra, 
Greece. 

.    Postal  Telegraphs,  Glasgow. 

,    Postal  Telegraphs,  Oxford. 

.    16,  Gresham  Street,  E.C. 

.  Great  Northern  Telegraph  Company, 
Shanghai,  China. 

.  4,  Great  Winchester  Street  Buildings, 
E.C. 

.    Post  OflSce,  Norwich. 

.    The  College,  Glasgow,  N.B. 

.  12,  St.  George's  Terrace,  Gloucester 
Road. 

.  Government  Telegraph  Department, 
Brisbane,  Queensland,  Australia. 

.    Telegraph  Street,  E.C. 

.  Direct  United  States  Cable  Company, 
London. 

.  Direct  United  States  Cable  Company, 
London. 

.  South  Eastern  Railway  Telegraph 
Works,  Tunbridge. 

.  Direct  United  States  Cable  Company, 
New  York,  U.S. 

.  West  India  and  Panama  Telegraph 
Company,  St.  Stephen's  Cham- 
bers, E.C. 
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Bbogden,  James 

BucKNiLL,  J.  T.,  Lieut.  R.K.     . 
Bull,  Edward  . 


BULLIVANT,  W.  M. 

Bullock,  Thomas  A. 

BULMEB,  J.  A.     . 
BUTCHEB,  S. 


Tea   Bank   House,  Porthcawl,  near 
Bridgend,  Glamorganshire. 

Chatham. 

Eastern  Telegraph  Company,  Porth- 
cnmo,  Penzance. 

69,  Fenchurch  Street,  E.C. 

Eastern  Telegraph  Company,  66,  OU 
Broad  Street,  E.C. 

Postal  Telegraphs,  Hull. 

Indo-European    Telegraph    Depart- 
ment, Enrrachee. 


Carlisle,  IIeney 
Carpenter,  James  T.  . 
Carpenter,  F.  H. 

Ca4r,  George  M. 
Carson,  J.  H.      . 

Castle,  E. 
Cawood,  Reuben 
Chambers,  John  Charles 
Cheesman,  H.  G. 

Clapperton,  George  . 

Clarke,  Stanley 


Clement,  Adam  F. 
Clifford,  Professor  W.  B.,  M.A 
Colley,  Benjamin  W.  . 

Collings,  Charles  E.  . 
Collins,  W.  C.   . 
Collins,  W.  II.,  Major,  R.E. 
Collmache,  C.  M.  p.  S. 

Comport,  George  Henry 
Cook,  E.  E. 

Cooke,  Conrad  W. 
Corner,  C.  R.     . 


Cox,  H.  J.  • 

Crampton,  T.  Russell,  MJ.C 


E. 


Crawley,  James 


Eastern  Telegraph  Company,  Suez. 

39,  Milton  Street,  Dorset  Square. 

Western    and    Brazilian    Telegraph 
Company,  Para. 

Postal  Telegraphs,  Sunderland. 

Anglo-American  Telegraph  Company, 
London. 

4,  Brick  Court;  Temple,  E.C. 

Postal  Telegraphs,  Glasgow,  N.B. 

Postal  Telegraphs,  Stockton-on-Tees. 

Eastern  Telegraph  Company,  Porth- 
cumo,  Penzance. 

Direct  United  States  Cable  Company, 
Rye  Beach,  U.S. 

Direct  United  States  Cable  Company, 
Ballinskelligs. 

North  British  Railway,  Edinburgh. 

2G,  Colville  Road,  Bayswater. 

Anglo-American  Telegraph  Company> 
Brest. 

Postal  Telegraphs,  Plymouth. 

24,  Old  Jewry,  E.C. 

Chatham. 

Anglo-American  Telegraph  Company, 
Duxbmy,  U.S. 

Postal  Telegraphs,  Nottingham. 

Postal  Telegraphs,  Telegraph  Street, 
E.C. 

57,  Landor  Road,  Clapham  Rise,  S.W. 

3,  Copthall  Chambers,  Throgmorton 

Street. 

48,  Arthur  Road,  Holloway,  N. 

4,  Victoria  Chambers  S.W. 

42,  Brouarhton  Road,  Stoke  Newington. 
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Crilly,  John  Hamilton 

Cboss,  p.  W.       . 
Cbossley,  Louis  J. 

CUTTRIBS,  CHABLES 


Anglo-American  Telegraph  Company, 
Brest. 

Postal  Telegraphs,  Cardiff. 

Moorside,  Halifax,  Yorkshire. 

Anglo-American  Telegraph  Company, 
Duxbury. 


Dallas,  John    . 

Dallas,  Thomas  E. 

DANVERS,  F.  C, 
{Auditor^ 

Davids,  R.  G.  B. 
Davies,  David    . 
Davies,  F. 


Davies,  William  Henry 

De  Marsac,  F.  R. 

Dennett,  William 
Dickenson,  Samuel  S. 

Dickenson,  W. 

Dieselhorst,  Wilhelm 

DOHERTY,  John 
Donald,  John  . 
Donaldson,  J.   . 
DORMAN,  Thomas 
Douglas,  Sholto  McKenzie 

Downing,  W. 

Draper,  George 

Dressing,  Christian    . 

Drury,  William,  Sen.  . 
DuBERN,  George 

DucLOY,  Jacques  F. 

Duff,  B.  . 


Geological  Society,  Burlington  Honse, 
Piccadilly. 

India  Rubber  Works,  Silvertawn. 

India  Office,  S.W. 

Estrada  de  Ferro,  Compantria  Paulis- 
ta,  Campestina,  Brazil. 

The  Royal  Polytechnic   Institution, 
London. 

Anglo-American  Telegraph  Company, 
Valentia. 

Exchange  Telegraph   Company,   17,* 
Comhill,  E.C. 

Indian  Government  Telegraphs,  Cal- 
cutta. 

Post  Office  Telegraphs,  Dover. 

Direct  United  States  Cable  Company, 
Torbay,  U.S. 

Anglo-American  Telegraph  Company, 
Hearts  Content. 

Messrs.  Siemens  Brothers,  Charlton 
Pier,  Woolwich. 

Postal  Telegraphs,  Manchester. 

Postal  Telegraphs,  Stranraer. 

Postal  Telegraphs,  Reading. 

Postal  Telegraphs,  Stockton-on-Tees. 

Australian  and  China  Telegraph  Com- 
pany, Vesuvius,  Deli,  Sumatra. 

Telegraph  Construction    and  Main- 
tenance Company^  Greenwich. 

Eastern  Telegraph  Company,  66,  Old 
Broad  Street,  E.C. 

Great  Northern  Telegraph  Company, 
Aberdeen,  N.B. 

61,  South  Hill  Park,  Hampstead. 

Indian  Government  Telegraphs,  Cal- 
cutta. 

Submarine      Telegraph      Company, 
Threadneedle  Street,  E.C. 

Government  Telegraph  Department, 
Cape  of  Good  Hope. 
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Dunn,  Andrew  S.         .  .  .    Telegraph   Department,    Caledonian 

Railway  Co.,  Glasgow,  N.B. 

DuBNFOBD,  Arthur  G.,  Major,  R.l5.  .    Aldershot. 

DUBRAN,  William         .  .  .    Eastern  Telegraph  Company,  Alex- 

andria. 


Eable,  Edward  - 

Eable,  Samuel  A. 

Ebel,  Julius 
Eden,  Augustus 
Edwards,  Ernest  W. 
Edwards,  J.  R.  . 
Eggington,  Alpeed 

Elliott,  Thomas 

Emms,  E.,  Scrgt.  R,E. 
Evans,  Feedebick  E. 
Eymebs,  F.  C. 


.    Anglo-American  Telegraph  Company, 
Brest. 

.    Anglo- American  Telegraph  Company, 
St.  Pierre,  Newfoundland. 

.  Messrs.  Siemens  Brothers,  Charlton. 

.  Postal  Telegraphs,  Edinhnrgh. 

•  23,  Southampton  Buildings,  Holbom. 

.  Postal  Telegraphs,  Chester. 

.    Eastern  Telegraph  Company,  Otranto, 
Italy. 

.    Postal      Telegraphs,      Bishopstokc, 
Hants. 

.    Ipswich. 

.    Postal  Telegraphs,  Birmingham. 

.    Vine  Cottage,  Woolwich. 


Fahie,  J.  J.         . 

Falck,  a.  .  .  . 

Faques,  John     . 

Faulding,  Alfred  J.  . 
Field,  Charles 
Field,  George 
Fielding,  Col.  the  lion.  W. . 
Fisher,  Frank  . 

Fisher,  Henry  F. 

Fleetwood,  Charles  Thomas 

Fletcher,  John  William 

Fletcher,  Thomas 
FoRSHAW,  Alfred  C.    . 

Forster,  Thomas 


.    Indo-European    Telegraph    Depart- 
ment, Shiraz,  Persia. 

.     Great  Northern  Telegraph  Company, 
Gothenbcrg,  Sweden. 

.    Telegraph      Department,     Teheran, 
Persia. 

.  West  Drayton. 

.  Ilithergreen,  Lewisham,  S.E. 

.  Postal  Telegraphs,  Brighton. 

.  23,  Brook  Street,  W. 

.     Western    and    Brazilian     Telegraph 
Company,  Rio  de  Janeiro. 

.    British  Indian  Extension  Telegraph 
Company,  Singapore. 

.    Post    Office  Telegraphs,  General  Post 
Office,  E.G. 

.    London  and  North  Western  Railway, 
Telegraph  Department,  Chester. 

.    Direct  United  States  Cable  Company, 
Liverpool. 

.    Sparrow  Hall,  Streatham,  Surrey. 
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TOTHERGILL,  J.  W. 
Fox,  J.  R. 

Fraser,  Arthur  J. 

Fraser,  Capt.  Charles 

Fraser,  John     . 

Fraser,  W.  J.     . 

Frodsham,  G.  W. 
Frost,  Arthur  C. 

Fuller,  George 

Fulton,  C. 

Furze,  Joseph   . 


Anglo-American-Telegraph  Company, 
Brest. 

19,  Broad  Hinton  Road,  Clapham. 

14,    Buckingham      Street,    Charing 
Cross,  W.C. 

GoYemment  Telegraph  Department, 
Cape  of  Good  Hope. 

Direct  United  States  Cable  Company, 
Rye  Beach.U.S. 

Direct  United  States  Cable  Company, 
Rye  Beach,  U.S. 

4,  Change  Alley,  Comhill. 

Direct  United  States  Cable  Company, 
New  York. 

Newcastle  Wharf  Works,  Old  Ford 
Road,  Bow,  E. 

Anglo-American  Telegraph  Company, 
London. 

Direct  United  States  Cable  Company, 
Ballinskelligs. 


Games,  M.  J. 

Gamble,  D.  P.    . 

Gavey,  John 
Gee,  Benjamin  J. 

George,  Edgar 

GiBBS,  Douglas 

Gibson,  James  . 
Gibson,  John  . 
Glegg,  Alexander 

Goodenough,  Henry  T 
Goodman,  H.  M. 
Goodwin,  Henry 


gothorpe,  t.     . 

Graham,  Alfred 
Graham,  W.  G. 
Grancy,  Henry  W.  von 
Grant,  John     ,  ^    *     • 
Granville,  Arthur  R. 


Anglo-American  Telegraph  Company, 
Duxbury. 

26,  Coleborne  Road,  South  Ken- 
sington. 

Postal  Telegraphs,  Bristol. 

Direct  United  States  Cable  Company, 
New  York. 

Direct  United  States  Cable  Company, 
Liverpool. 

Eastern  Telegraph  Company,  Alex- 
andria, Egypt. 

Postal  Telegraphs,  Edinburgh. 

Kirkwall,  Orkney. 

Phoenix  Place,  Mount  Pleasant, 
Clerkenwell,  * 

2,  Kirn  Road,  Ealing  Dean. 

Enderby's  Wharf,  East  Greenwich. 

West  India  and  Panama  Telegraph 
Company,  Basseterre,  Guadeloupe, 
French  West  Indies.    ' 

Direct  United  States  Cable  Company, 
Rye  Beach,  U.S. 

29,  Regency  Street,  Westminster,  S.W, 

Henley -s  Works,  North  Woolwich. 

East  Indian  Telegraphs,  Batavia. 

26,  Old  Broad  Street,  E.C. 
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Granville,  William  P. 

Gray,  Robert  K. 

Greer,  MAcGREaoR,  Lieut.  R.E. 

Green,  G.  A.      . 

Griffiths,  Charles     . 

Groves,  William 
gurdon,  w.  b.  .     " 


.    12,  Avenue  Road,  Regent's  Park, 

N.W. 

.     St.  John's  Park,  Blackheath,  S.E. 

.    Postal   Telegraphs,  Walpole    Street, 
New  Cross,  S.E. 

.    Anglo- American  Telegraph  Company, 
Duxbury,  U.S. 

.    Elm  Lodge,  Cheltenham,  Gloucester- 
shire. 

.    89,  Bolsover  Street,  Portland  Place. 

.    The  Treasury,  S.W. 


Hall,  John 
Hall,  Walter  . 
Hannington,  Fred.  M. 

Hamilton,  E.  A. 

Harborow,  Henry 
Hardey,  Robert  J. 

Hargrave,  J.  W. 
X    Harrison,  R.  H. 
Harwood,  Francis 
Hassard,  H.  S.  . 

Hayes,  William 

Haynes,  J. 
Heaviside,  a.  W. 
Heaviside,  O.    . 
'    Henley,  George 
Hibberd,  Charles  II. 
Hill,  Joseph  Tripp 

Hill,  Thomas    . 

HiLLiARD,  Augustus 
Hockley,  T.  T.  . 

Horner,  Albert  B. 
Hook,  George  W. 
Hookey,  James  . 

Howard,  Cosmo  G. 

Howe,  J. 


Postal  Telegraphs,  Manchester. 

10,  Love  Lane,  Wood  Street,  EC. 

12,  Queen  Anne's  Gate,  Westminster, 
S.W. 

Anglo-American  Telegraph  Company, 
26,  Old  Broad  Street,  E.C. 

4,  Circus  Street,  Marylebone,  W. 

Government  Telegraph  Department, 
Cape  of  Good  Hope. 

Postal  Telegraphs,  Carlisle. 

The  Grange,  Ware,  Herts. 

Eastern  Telegraph  Company,  Lisbon. 

66th  Regiment,  Messrs.  Cox  and  Co., 
Craig's  Court,  London. 

Direct  United  States  Cable  Company, 
Ballinskelligs. 

Postal  Telegraphs,  Gloucester. 

PostalTelegraphs,Newcastle-on-Tyne. 

3,  St.  Augustine's  Road,  N.W. 

47,  Essex  Street,  Islington,  N. 

General  Post  Office. 

Postal   Telegraphs,    General    Post 
Office. 

Postal    Telegraphs,    General    Post 
Office. 

India  Rubber  Company,  Silvertown. 

ludo-European    Telegraph      Depart- 
ment, Kurrachee. 

University  Club,  S.W. 

21,  Trinity  Terrace,  Brixton,  S.W. 

Postal    Telegraphs,   General    Post 
Office,  E.C. 

4,  Chalcot  Crescent,  Regent's  Park, 

N.W. 

Pernarabuco. 
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Humble,  George 

Humphries,  William  J. 
Hunter,  J.  E.,  Capt.  R.N. 
Hurley,  Edward  Butler 


.    Postal    Telegraphs,   Newcastle-on- 
Tyne. 

.    Postal  Telegraphs,  Limerick. 

.    United  Service  Club,  Pall  Mall,  S.W. 

.    Indian    Telegraph  Department,  Co- 
lombo, Ceylon. 


Ingram,  J.  W.    . 
Irminger,  Frederick  . 
IsHERWOOD,  Frederick 
IsLEY,  Thomas   . 


Postal   Telegraphs,    General    Post 
Office. 

Great  Northern  Telegraph  Company, 
Hong  Kong,  China. 

Postal  Telegraphs,  Telegraph  Street, 
E.C. 

Postal  Telegraphs,  Norwich. 


James,  J. 

James,  J.  W. 

James,  Sidney   . 

Jeffery,  James 

Jenkin,  John     . 
Jenvey,  Henry  W. 

JoBsoN,  Howard  C. 
Joel,  H.  F. 
Johnson,  William 
Johnstone,  Thomas  Y 
Jones,  John  Rymer 

Joseph,  Frank  S. 


.    Anglo- American  Telegraph  Company, 
London. 

.    Anglo-American  Telegraph  Company, 
Hearts  Content. 

.    Postal    Telegraphs,   General    Post 
Office,  E.C. 

.    The  Direct  Spanish  Telegraph  Com- 
pany, The  Lizard,  Cornwall. 

.    Postal  Telegraphs,  Newark,  Notts. 

.    Government  Telegraph  Department, 
Melbourne,  Australia. 

.  Dudley. 

.  44,  Lavender  Grove,  Dalston,  E. 

.  Postal  Telegraphs,  Leeds. 

.  Persian  Gulf  Telegraphs,  Fao  Station. 

.    62,  Cornwall  Road,  Westbournc  Park, 
W. 

,     .    13,  Clarewood  Terrace,  Brixton,  S.W. 


Kenney,  F.,  Sergeant  R.E. 

Kerry,  C.  H.       . 
ICillingbeck,  William  A. 

King,  W.  F. 


Postal    Telegraphs,  Walpole    Street, 
New  Cross,  S.K. 

.    Postal  Telegraphs,  Bristol. 

^   W.    T.  Henley's   Telegraph  Works, 
North  Woolwich. 

.    Western    and    Brazilian    Telegraph 
Company,  Rio  de  Janeiro. 
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KiNGSPOBD,  H      . 

KiEBY,  George  J. 
Knight,  John  Henby 


Enclerby's  Wharf,  Greenwich,  S.E. 
Cape  Telegraphs,  Port  Elkabeth. 
Postal  Tepegraphs,  Doncaster. 


Laisteb,  James  . 

Langfobd,  H.  S. 

Laubie,  E.  H.  . 
Lavendeb,  John 
Lawson,  Ed.  G.  . 

Lea,  John 


Lee,  Hobebt  B.  . 
Leonabd,  W. 

Lessels,  David  . 

Lewis,  R.  J. 

Lloyd,  Lieut.  Nesham 

Lloyd,  William 

Logan,  James  K. 

London,  Robebt 

Lowe,  Thomas  . 

Lucas,  F.  11. 

Lyne,  Charles  . 


.  Postal  Telegraphs,  Telegraph  Street, 
E.C. 

.  Anglo-American  Telegraph  Company, 
Valentia. 

.    Postal  Telegraphs,  Telegraph  Street. 

.    Fairy  Lane,  Manchester. 

.  Entrada  du  Cidade,  S,  Funchal, 
Madeira. 

.  Care  of  Mr.  Hatcher,  North  Camp 
Station,  London  and  South 
Western  Railway,  Aldershot. 

.  South  Eastern  Railway  Telegraphs, 
London  Bridge. 

.    Postal  Telegraphs,  Edinburgh. 

.    General  Post  Office,  E.C. 

.  The  Junior  Army  and  Navy  Club, 
Grafton  Street. 

.  Whitehall  Club,  Parliament  Street, 
S.W.  &  19,  Finchley  Road,  N.W. 

.  Inspector  of  Telegraphs,  Dunedin, 
New  Zealand. 

.  84,  Tyrwhitt  Road,  Lewisham  High 
Road,  New  Cross,  S.E. 

.  8,  Great  Winchester  Street  Buildings, 
E.C. 

.  3,  Glen  Mohr  Terrace,  Hyde  Vale, 
Greenwich. 

.  Telegraph  Department,  Teheran, 
Persia. 


MacGregob,  J.  CoLLiNGS,  Lieut.  R.E.    Aldershot. 

Maclachlan,  J.  M.        .  .  .    Postal    Telegraphs,    General    Post 

Officfe,  E.C. 

McDonald,  James  R.  .  .  .    The  Post  Office,  Sheemess. 

McGauran,  D.  J.  .  ..  .    Manager  Telegraph  Office,  Albury, 

New  South  Wales. 

McKinney,  Alexander  .  «.    Postal  Telegraphs,  Manchester. 

McLean,  James  .  .  .  .2,  Ovington  Square,  S.W. 

Main,  David      ....    Direct  United  States  Cable  Company, 

Ballinskelligs. 
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Mancb,  Henby  C. 

Mabkham,  Thomas  T£[obnhill 
Mabsh,  H. 

Mabshall,  William  A. 
Mason,  William  B. 

May,  Joseph 

Michel,  R.  Fbangisque 

MicKLE,  David  :  * 

Milleb,  Thomas 
Moll,  Oscab 

Molloy,  B.  C.     . 

MOBGAN,  ChABLES  AMISS 

MOBBIS,  C. 

MOBBISON,  W.      . 
MOBBISON,  G.  J.,  C.E.    . 


MoBBisoN,  G.  Sergeant-Major  B.E. 

MUIBHEAD,  AlEXAKDEB, 

D.  Sc,  F.C.S. 
MuNBO,  John     . 

MUBPHY,  CHABLES  J.      . 

Mygind,  John    • 


5,  Magdala  Villas,  Manor  Boad, 
Brockley,  S.E. 

102,  Fetter  Lane,  E.C. 

3,  Windsor  Terrace,  Buckland,  Doier. 

Bridgewater. 

Superintendent  Government  Tele- 
graphs, Japan. 

2,  Trinity  Cottages,  Church  Street 
East  Greenwich. 

13,  Rue  de  PAncienne  Comedie, 
Paris. 

Government  Telegraph  Department, 

Melbourne. 
Bransf  ord  Road,  St.  John's,  Worcester. 

Direct  United  States  Cable  Company, 
London. 

1,  Ehn  Court,  Temple,  E.C. 

Postal  Telegraphs,  General  Post 
Office. 

District  Superintendent  Imperial 
Government  Telegraphs,  Japan. 

General  Post  Office. 

Care  of  J.  Dixon,  jBsq.,  1,  Laurenct 
Pountney  Hill^  Cannon  Street, 
E.C. 

Postal  Telegraphs,  Telegraph  Street, 
E.C. 

159,  Camden  Road  Crescent,  N.W. 


.    Eastern  Telegraph  Company,  Vigo, 
Spain. 

.    Great  Northern  Telegraph  Company, 
Newcastle-on-l^yne. 


Naylob,  J.  E.      . 
Neale,  John 

Needham,  R.  J.  . 

NbVett,  F.  Yf. 

Newbuby,  Geobgb  C.  . 

Newitt,  C. 
Kbwman,  a.  E.  . 


.    Postal  Telegraphs,  York. 

.    North  Staffordshire  Railway,  Stoke- 
on-Trent. 

.    Anglo-American  Telegraph  Company, 
Duxbury,  U.S. 

Direct  United  States  Cable  Company, 
Torbay,U.& 
.    Postal     Telegraphs,    General    Post 
Office,  E.C. 

.    Anglo-American  Telegraph  Company, 
Hearts  Content,  Newfoundland. 

.    River    Plate    Telegraph    Company, 
Monte  Video. 
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Newnham,  W.  a. 

Newsam,  Thomas 
NiKD,  S.  L. 
Noble,  Mastik  . 


Indo-£nn4>ean    GoTemment   Tele- 
graph, Jask. 

Eastern  Telegraph  Companj,  Aden. 

hewcaatle-on-Tyne. 

Postal  Telegraphs,  Lancaster 


Oakshot,  a. 
Oatway,  Abthub 

Ogg,  F.  William 

0*Haibe,  J.  M.    . 

Oldebshaw,  J ,  Sergeant  B.E. 


.    Postal  Telegraphs,  Southampton. 

.    Postal    Telegraphs,    General     Post 
Office,  E.C. 

.    II,  Bai:clay  Terrace,  Barclay  Boad, 
Leytonstone,  Essex. 

Groremment    Telegraphs,    Ci^    of 
Good  Hope. 

.    Ipswich. 


Paoe,  Alfbed  S. 
Paoe,  Chables  J. 

Pabkeb,  J.  £.  . 

Pabkham,  James 
Pabmiteb,  Albebt 
Pabsone,  E.  W. 
Pabsgns,  The  Hon.  Bichabd 
Pabtbidge,  G.  Noble  . 
Patebson,  Edwabd  J.  . 
Patten,  Fbedebick  A. 

Payn,  John  J.  . 
Paytbb,  J.  W.  . 

Pebby,  F. 

Petebs,  Alfbed 

Petebsen,  E. 

Pettebson,  Oscab  F.    . 

Phillips,  W.  B. 

Phillips,  J.  C,  Qt-Master  Sergt.  BJE. 

Philpott,  James  J. 

PiNCHiN,  William  Hekby 


India  Bnbher  Co.,  Silydrtown. 

Eastern  Extension  Telegraph   Corn- 
pan  j,  Batayia. 

Western    and    Brazilian    Telegraph 
Companj,  Bahia,  BraxiL 

Mitcham. 

Postal  Telegraphs,  Beading. 

175,  Adelaide  Road,  N.W. 

10,  Connaught  Place,  W. 

Postal  Telegraphs,  Exeter. 

Bedford  Court,  Corent  Garden. 

Indo-European   Groyemment  Tele- 
graphs, Kurrachee. 

6,  Rue  Paye  D'Amour,  Marseilles. 

Telegraph   Department,    Melbourne, 
Victoria. 

Anglo-American  Telegraph  Company, 
Hearts  Content. 

Western    and    Brazilian    Telegraph 
Company,  Bahia. 

German  Union  Telegraph  Company, 
4,  Werder  Strasse,  Berlin. 

Direct  United  States  Cable  Company, 
Torbay,  U.S. 

Paumbaum,  India. 

Portsmouth. 

Postal  Telegraphs,  Stock  Exchange, 
E.C. 

Postal  Telegraphs,  Exeter. 
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FOMEBOY,  HENBY 
POBTELLI,  ROBEBT 

Pbicb,  H.  p.  B.    . 

Pbobebt,  J. 

PuGBT,  Lient.-Col.  Gbanvillb  W. 


Postal  Telegraphs,  Athlone.    . 

Eastern  Telegraph  Companj  Malta. 

Eastern    Telegraph   Company,  Mar- 
seilles. 

Postal  Telegraphs,  Moorgate  Street 
Buildings,  £.C. 

34th  Begiment,  Carlisle. 


Quillby,  Henby 


.    General  Post  Office. 


Bamsay,  John,  Capt.  B.E. 

Bape,  L.  W.     .  . 

Reid,  Fbank 

Beynell,  C.  H. 
BiCH,  H.  B. 

BiCHABDS,  A.,  Sergeant  R.E.     . 

BiCHABDSON,  H. 
BlEMENSCHNEIDEB,  FBEDK.  W.  C. 


BiSCH,  GUSTAV    .  .  .  . 

BiTSO,  F.  C.  G.     . 

Bobbbts,  Mabtin  F.,  F.C.S.     . 

Bobebtsok,  J.     . 
Bobebtson,  F.  L.  . 

Bolls,  Edwabd  T. 

Boss,  John,  Qoartermaster-Sergt.  B.E. 

Boss,  Walter  O.   .  .  .  > 

BossB,  Lewis  W. 

BowE,  Thomab  .... 

BUSHTON,  WiLLDLM  S.    . 
BUSSELL,  FBANK 


School  of  Military  Engineering, 
Chatham. 

Anglo-American  Telegraph  Company, 
Brest. 

Postal   Telegraphs,   Newcastle-on- 
Tyne. 

Madeira. 

Indian  Goremment  Telegraphs,  Cal- 
•   .  cntta. 

Telegraph  Service,  South  Camp, 
Aldershot. 

Postal  Telegraphs,  Douglas,  Isle  of 
Man. 

Great  Northern  Telegraph  Company, 
7,  Great  Winchester  Street  Build- 
ings, E.C. 

6,  Brighton  Villas,  Cranfield  Boad, 

Brockley. 

7,  Lothbury,  E.C. 

Postal  Telegraphs,  Gloucester  Boad, 
N.W. 

Postal  Tel^raphs,  Bristol. 

West  Coast  of  America  Telegraph 
Company,  98,  Cannon  Street,  E.C. 
L.  and  S.  W.  Bailway,  Exeter. 
Chatham. 

Anglo-American  Tel^raph  Company, 
St.  Pierre,  Newfoundland. 

Anglo- American  Telegraph  Company, 
Brest. 

Postal  Telegraphs,  Manchester. 

General  Post  Office,  E.C. 

Woodfield  Boad,  Harrow  Boad,  N. 


Sale,  M.  T.,  Capt.  1R.E.  . 


Chatham. 
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Saundebson,  B.  L. 

Sax,  Julius 
ScHAEFEB,  Louis 
ScfinroLEB,  Abthub  H 

Scotland,  James 

Shaw,  Captain  W. 

Shephebd,  F.     . 
Siemens,  Alexandeb 
Simmons,  Chables  J. 
Simpson,  Geobgb 

Slateb,  William 


Smallpiece,  William  D. 
Smith,  Benjamin 
Smith,  Joseph  H. 
Smith,  A.  Toulmin 
Smtthe,  John    . 
Spagnoletti,  Hylton 
Spabbow,  W. 
Spbatt,  G.  O.     . 

Squibes,  Fbedebick 

Squires,  George 

Stagey,  Charles 
Stagey,  George  B. 
Starke,  Henry  . 

Steet,  S.  G.,  F.R.C.S. 
Stelges,  J. 

Sterne,  Louis    . 

Stevens,  Frederick  P 
Stevens,  Henry 
Stevenson,  Ed.  Alp. 


Stevenson,  George 

Stewart,  D. 
Stokes,  Charles  S. 
Stokes,  Henry  L.  S. 


Anglo-American  Telegraph  Company, 
Duxbniy,  U.  S. 

108,  Great  Rnssell  Street,  W.C. 

Telegraph     Department,      Teheran, 
Persia. 

Anglo-American  Telegraph  Company, 
St.  Pierre. 

102nd  Fnsiliers,  Garrison  L[i8tmctor, 
Aldershot. 

Postal  Telegraphs,  Brighton. 

12,  Qneen  Anne's  Gate,  Westminster. 

106,  Weddington  Road,  Kentish  Town. 

Indian  Goyemment  Telegraphs, 
Mannar,  Cejlon. 

Western  and  Brazilian  Telegraph 
Company,  Para,  Brazil. 

Warren  House,  Basingstoke,  Hants. 

Eastern  Telegraph  Company,  Malta. 

Post  Office,  Selby. 

Selbome  Chambers,  Chancery  Lane. 

Yalentia,  Ireland. 

4,  Circus  Street,  Marylebone,  "W. 

Putney. 

Eastern  Telegraph  Company,  Porth- 
cumo,  Penzance. 

Anglo-American  Telegraph  Company, 
Brest. 

Anglo-American  Telegraph  Company, 
Brest. 

Eastern  Telegraph  Company,  Aden. 

Eastern  Telegraph  Company,  Bombay. 

Government  Telegraph  Department, 
Brisbane,  Queensland. 

130,  King  Henry's  Road,  Hampstead. 

South  Eastern  Railway  Telegraph 
Works,  Tunbridge. 

9,  Victoria  Chambers,  Westminster, 
S.W. 

Port  Darwin,  South  Australia. 

Port  Darwin,  South  Australia. 

Telegraph  Construction  and  Main- 
tenance Company,  Enderby's 
Wharf,  East  Greenwich,  S.E. 

Eastern  Telegraph  Company,  Alex- 
andria, Egypt. 

Postal  Telegraphs,  Glasgow. 

7,  North  Terrace,  Brompton,  S.W. 

7,  North  Terrace,  Alexander  Square, 
S.W. 
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Stokes,  John  Scott 
Stone,  William  H. 

Stott,  James 
Stout,  Robert  . 
Stout,  Thomas 

sudwoeth,  s.     . 


Swemmeb,  B.      . 

Symington,  Robbbt  Stevenson 


R.  and  A.  GeneraPs  Office,  G.  P.  O. 

Japanese  Govemment  Telegraphs, 
Tokei. 

353,  Bridgmatt  Street,  Bolton. 

Postmaster,  Lerwick,  Shetland  Isles. 

Care  of  R.  Stout,  Dunedin,  Otago, 
New  Zealand. 

Messrs.  Warden,  Mnirhead,  &  Clark's, 
29,  Regency  Street,  Westminster, 
S.W. 

Government  Telegraphs,  King  Wil- 
liam Town,  Cape  of  Goo^  Hope. 

Telegraph  Engineer,  Glasgow. 


Talbot,  Fbank  F. 
Talbot,  James  E. 
Tansley,  William 
Taylob,  William  Gbigob 

Theileb,  Richabd 
Thomas,  G.        ... 

Thomson,  Edwabd  H. 


Thompson,  F.  O. 
Thompson,  Thomas 
Thobnton,  F.     . 

TiCEHUBST,  F.  G. 

Tiddy,  William  N. 
Tilly,  G.  B. 

TiSLEY,  S.  C. 

Tolmb,  Julian  H.  M.I.C.E. 
Topping,  F.  W.  . 

Teanpield,  F.  T. 

Tbenam,  Edwin 
Tbippe,  C. 

Tbott,  J.  G. 

Tbuman,  Chables 

Tubb,  Albebt   . 
Tuck,  W. 


Rosario,  Argentine  Republic. 

The  Post  Office,  Margate. 

Postal  Telegraphs,  Portarlington 

Eastern  Extension  Telegraph  Com- 
pany, Sydney. 

86,  Canonbnry  Road,  N. 

Brazilian  Submarine  Telegraph  Com- 
pany, Pemambuco. 

Care  of  the  Liverpool  United  Tram- 
ways and  Omnibus  Company, 
Limited,  Pudsey  street,  Liverpool,  f 

Direct  United  States  Cable  Company.  / 

Post  Office  Telegraphs,  Ramsgate. 

Messrs.  Warden,  Muirhead,  &  Clark's, 
29,  Regency  Street,  S.W. 

Battle,  Sussex. 

4,  George  Street,  Hanorer  Square,  W. 

Eastern     Telegraph     Company, 
Gibraltar. 

172,  Brompton  Road,  S.W. 

1,  Victoria  Street,  Westminster,  S.W. 

Direct  United  States  Cable  Company, 
Ballinskelligs. 

Anglo-American  Telegraph  Company, 
Valentia. 

Postal  Telegraphs,  Leeds. 

Anglo-American  Telegraph  Company, 
Hearts  Content. 

13,  Dartmouth  Terrace,  Lewisham, 
S.E. 

23,  Old  Burlington  Street,  W. 

Postal  Telegraphs,  Southampton. 

Eastern  Telegraph  Company,  Suez, 
Egypt. 
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TUFFIBLD,  T.  8. 
TUKBBIDOE,  W.  T. 

TusNEB,  W.,  Sergt-Major  BJS. 


.    16,  Aoglesea  Road,  Woolwich. 

.    London  and  North  Western  Railway, 
Stafford. 

.    Postal  Telegraphs,  Caaterbnry. 


Uren,  John  Gbobgb 


.    Penzance. 


Vbnndt,  C.  F.     . 

Vbbney,  Captain  RJN. 
Vtlb,  Samuel   . 


Great  Northern  Telegraph  Company, 
London. 

Rhianra,  Bangor,  North  Wales. 

Postal  Telegraphs,  Glasgow. 


Walkeb,  William  K.  . 

Walpole,  William  Bowman 

Walton,  John  . 
Wabp,H.  R.  P.  . 

Wabnbb,  R.  a.  . 
Wabben  William 
Watebs,  Hebbebt  M.  . 
Watkin,  Capt.  R.A. 
Watson,  C.  M.,  Lieut.  R.E. 
Watt,  Geoege  W.  M.  . 
Weatheball,  T.  E. 

Webb,  E.  M.       . 
Webbeb,  T.  B.   . 

Websteb,  J.  K.  . 

Weedon,  E. 

Wells,  W.  Lewis 

Webdebmann,  Richabd 
West,  Geobge   . 

White,  F.  H.      . 


Whitmobe,  Mobtimeb,  Lieut.  R.E. 


.    Sealdah  Station,  Calcutta,  £.  B.  Rail- 
way,  India. 

.    76,   Patshnll   Road,   Kentish  Town, 
N.W. 

.    Postal  Telegraphs,  Birmingham. 

.    1,  Basingbonme  Villas,  Albion  Road, 
Tnnbridge  Wells. 

.  Cassilla,  No.  777,  Buenos  Ajrres. 

.  George  Town,  Tasmania. 

.  9,  Park  Terrace,  Greenwich,  S.E. 

.  Shoeburyness. 

.  War  Office,  WhitehaU. 

.  108,  BalPs  Pond  Road,  N. 

.    Telegraph   Construction   and    Main- 
tenance Company,  Greenwich. 

.    Telegraph  Works,  Silvertown. 

.    Telegraph  Department,  Great  West- 
em  Railway  Company,  Plymouth. 

.    Anglo-American  Telegraph  Company, 
Brest. 

.    Anglo-American  Telegraph  Company, 
Hearts  Content. 

.    Submarine    Cables    Trust,    66,    Old 
Broad  Street,  E.C. 

.     4,  Prince's  Street,  Stamford  Street,  S.E- 

.    Eastern  Telegraph  Company,  Alex- 
andria. 

.    Anglo-American  Telegraph  Company, 
St.  Pierre. 

.    Postal  Telegraphs,  Telegraph  Street, 
E.C. 
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WiGAN,  GOBDON 

Wilde,  Edwin  . 
Wilkinson,  Henry  D. 

WlLLIAMS,'A.  G. 

Williams,  R.  Price 

WiLLMOT,  Joseph 

Wilmot*  T.  J.    . 

Winter,  Charles  E. 
Wood,  Major  Alexander 
Wood,  Charles  Barker 

Woodcock,  W.  . 

Woollen,  C.  H.  . 
Wray,  Leonard 


.    2,  Brick  Conrt,  Temple,  E.C. 

.    Postal  Telegraphs,  Leeds. 

.    Eastern  Extension  Telegraph  Corn- 
.  panj,  Singapore. 

.    Anglo-American  Telegraph  Company* 
Hearts  Content. 

.    Great    George    Street,  Westminster. 
S.W. 

.    Postal    Telegraphs,     General     Post 
Office,  E.C. 

.    Direct  United  States  Cable  Company, 
Rye  Beach,  U.S. 

.    5a,  Ladbroke  Grove,  Notting  Hill,  W. 

.    Abbey  Wood,  Kent. 

.    Superintendent  Direct  United  States 
Cable  Company,  Chester. 

.-   Anglo-American  Telegraph  Company 
Hearts  Content. 

.-   Postal  Telegraphs^  Exeter. 

•    Woodend  House,  Walthamstow. 


Teates,  Horatio 


.    33,  King  Street,  CoTent  Garden. 


liftal  Nv/niber  of  A$$oeiates 
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9rm)ENTs. 


BOTSBy  J. 

COCf&BAHS,  W.  H. 

Dayibb,  GsoBcn  L. 
Gatbhousb,  Thomab    . 

aSB^BACOL 

Hatsb,  Ai^bsd  . 

LXWIByBOBBBT 


.    Eastern  Tel^gni^  Odaxptaaj,  66^  OM 

Broad  Street,  E.a 
.    Bt*  Sledben's  ChambeiBy  Westminster, 

.    Latuner    dark,  Mvirliead,  and  Co., 
29,  Begimcj  Street,  Westminster, 

aw.  

.    874,  EnstoQ  Boad,  N.W. 

.    82,  Cambridge  Street,  Hyde  Pai^ 


.    Beechwood,^;i|pCq9mi^ 

.    Eastern  Telegn^  Comptg^j^  Fi»t|i- 
cnmo,  Penxanoe. 

.    4,ThnrlowBoad,Haini)6tead. 

.    Oasada    Villa,    Cambridge    Boad, 
Anerlej,  Snrej. 


MoKain,H.F.    . 
"hSxBXtssiit  ioES 

Pallibbb,  Edwabd 
Phillipb,  C*  H.  . 

PEKA,  JOBlA 


.   iS,:42Moga^3dKmoB,^et^ 

.    Physical  Laboratory,  Eing^s  College, 
W.C. 


Waleond,  Thbo.  C.  T.  . 
Wabbbn.  J.  D.   . 


.    5,  Neliberwood  Bead,  West  Kensing- 
ton Park. 

.    19,  Pelham  Street,  Sonth  Kensington. 


Total  liumher  of  StudenU 


17 


* 

TOTAL  NUMBER  OF  MEBiBEBS. 

Honorary  Members 

6 

Foreign  Members    .           .           .           .           . 

149 

Members      ...... 

278 

Associates    ..... 

445 

Stadents      .                      .           .           .           . 

17 

Total       . 

694 

AUG   4  -  t941 
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